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ABSTRACT 
The present invest igat ion deals with the gamma-
i r r ad i a t i on t e s t on Linum usitatissimam var . Mukta. The 
experiments aim to study the growth responses of l inseed crop 
to gamma-irradiation under f ie ld condit ion. The radia t ion 
treatment ranged between 25 krad to I50 krad. The seeds were 
t rea ted in dry condition at 10 per cent moisture l e v e l . The 
t rea ted seeds, along with the untreated ones were sown in micro-
plots randomly with five r ep l i ca t e s each. The following are the 
r e su l t s in summarized form,. \ 
1. The i r rad ia ted treatments do not affect the germination 
process of l inseed mater ia l ly , except delaying the r a t e at h i ^ 
in tens i ty dose such as 100 krad and above. Contrary to the past 
findings in cer ta in other crop plant^ V no stimulatory effect has 
been observed in the present case, even the delay caused by gamma 
rays i s not observed in the subsequent generat ions. 
2. The survival of seedlings has, however, been found to be 
adversely affected by gamma-irradiation in a d i rec t proportion to 
the leve l of in tens i ty involved in the treatment. However, in 
the subsequent generations the corresponding progenies do recover 
to t h e i r fu l l extent . 
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3« The cotyledonary expansion as well as the dry matter 
content of cotyledons undergo marked a l t e r a t ion due to gamma-
i r r ad ia t ion in M. generation. The cotyledonary expansion has 
been found to experience stimulatory effect under gamma-
i r r ad ia t ion of 75 krad. The water holding capacity of coty-
ledons of the t rea ted progenies par t i cu la r ly of high in tens i ty 
doses has been observed to go higher than the cont ro l . All 
these a l t e r a t i ons however, recover in the subsequent generat ions, 
4 . The s igni f icant re ta rda t ion noted in the root growth of 
seedlings due to gamma-ray treatments has been found considerable 
under high doses at the 16th week. In no case a stinailatory 
effect i s noted in the present study in M. generation. However, 
the i l l e f fec ts of radia t ion treatments have been found t o recover 
in the subsequent generat ions. 
5. High incidence of reduction in shoot h e i ^ t and the r a t e 
of growth as affected by gamma-irradiation-has been found to 
follow a l i n e a r order with the dose. No stimulation at any stage 
of shoot growth i s observed. The suppressive effect of gamma-
ray treatment has been found to be s igni f icant even in Mp genera-
t ion to a large extent and in M^  t o some extent . In the l a t t e r , 
the suppressive effect continued to be s igni f icant under high 
in t ens i ty doses at a l l stages of growth. No stimulatory effect 
e i the r in M^  generation or in the subsequent one i s recorded in 
height growth of the shoot ax i s . 
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6, The radiat ion treatments have also been found to 
negatively affect the branching in the invest igated var ie ty 
under a l l t reatmoits and at a l l stages of growth as compared to 
con t ro l . The adverse effect of i r r ad ia t ion i s seen in the sub-
sequent generations too and, therefore , appears to be a permanent 
effect especial ly under higher doses. 
7 , The growth r a t e of l a t e r a l branches gets affected due to 
i r r ad ia t ion at a l l levels of growth under a l l treatments except 
at the lowest, to a s ignif icant l e v e l . The suppressive effect of 
i r r ad ia t ion continues only upto M^  generation. In M_ generation 
the height growth of l a t e r a l shoot becomes normal. No stimulatory 
effect at any level in any generation i s noted. 
8, The gamma-irradiation treatments s igni f icant ly affects the 
leaf production in the t reated progenies at a l l l eve ls of growth. 
The suppressive effect of i r rad ia t ion i s s ignif icant in a l l the 
three generations especially in the main shoot. However, i t has 
not been found to be s ignif icant in the l a t e r a l shoots pa r t i cu la r ly 
in the subsequent generat ions. 
9, The area per leaf as well as t o t a l green area per plant 
gets reduced highly due to gamma-irradiation. The reduction in 
green area happens to be s ignif icant at a l l stages of growth under 
a l l treatments in a l l the three generat ions. Therefore, t h i s 
t r a i t of the plant appears to have been damaged permanently by 
radia t ion treatments. 
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10, The reduction due to i r r ad ia t ion in the under-ground 
biomass and the dry matter d i s t r ibu t ion of roots have been 
recorded at a l l l eve ls of growth. This suppressive effect of 
i r r a d i a t i o n continues in the subsequent generations under a l l 
treatments except in a few cases, par t i cu la r ly of low doses at 
the early stages of growth. 
11 , The above ground biomass also showed s ignif icant reduc-
tion in M^  generation under a l l treatments at a l l stages of 
growth and no recovery appears to have b ^ n occurred in the 
subsequent generations of Mp and M_ in t h i s respect , 
12, The dry matter content as well as i t s d i s t r ibu t ion per 
centimeter length of the plant body i s found to be affected 
highly in the t reated p l an t s . The dry matter d i s t r ibu t ion showed 
a re t rogress ive trend with increasing doses. But the water 
content has been found to increase over the control under high 
in tens i ty treatment from 100 krad on ward. The increase in water 
holding capacity induced by i r rad ia t ion treatment does not appear 
to continue in toto in the subsequent generat ions, althougji the 
dry matter content continues to be v is ib ly l e s s both in root and 
shoot, 
13, The gamma-ray treatments affect the reproductive phase 
of the variety inves t igated. The number of flowers and the 
number of f r u i t s get s igni f icant ly reduced per plant due to the 
increas ing i n t e n s i t i e s of radiat ion t reatments . Further, the 
F ' 
d 
number of seeds per f ru i t and the seed weight also get affected 
to a s igni f icant level due to i r r ad i a t i on . As a consequence, 
the seed yield per plot i s reduced to a s ignif icant level under 
a l l treatments in a d i rec t proportion to the dose • And the 
adverse effect of i r r ad ia t ion on the reproductive un i t s as well 
as the yield continued in M^  and M, generations to a lesser 
extent though not at the same l e v e l . The reduction in yield i s 
found to be s ignif icant in a l l the three generat ions, a l t h o u ^ 
the subsequent generations show recovery to a great extent 
especial ly under high doses. 
U , The reproductive capacity of the var ie ty invest igated get 
damaged seriously under a l l the doses in M- generation. In M 
and M generat ions, the reproductive capacity of the t rea ted 
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progenies recovers to a considerable extent but remained cons i -
derably low in comparison to control , 
15, The radia t ion treatments causesl/number of v a r i a t i o n s , both 
morphological and anatomical in the progeny, 
16, The habit of the plant has been observed to undergo a 
very s igni f icant change from erect to semiprostrate as a r e su l t 
of rad ia t ion treatment, 
17» The shoot apices of t rea ted plants undergo condensation, 
conversion in to l e a f - l i k e bodies, twis t ing and bending. The shoot 
apices have also been seen to bifurcate often. 
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18. The t reated plants undergo abnormal branching 
advent i t iously• 
19. The foliage leaves undergo fusion and bifurcation due 
to i r r a d i a t i o n . Further , the variegation in the leaves , too, 
i s the consequence of the same treatment. 
20. The phenomenon of fasciat ion has also been observed 
under h i ^ doses such as 100 krad, 125 krad and I5O krad t r e a t -
ments. 
21. The radiat ion treatments have also produced a number of 
q u a l i t a t i v e and quant i ta t ive abnormalities in the f l o r a l p a r t s , 
v i z . , complete or p a r t i a l fusion of sepals and pe ta l s in progenies 
raised af ter heavy doses of gamma rays . 
22. Pasciated branches have been found to flower. In such 
branches, the flowers a r i se so close t o each other that they appear 
as condensed head-like s t ruc tures having p a r t i a l l y fused flowers. 
23. The gamna-ray treatment i s also found to cause heavy 
damage, to pollen f e r t i l i t y , which goes down as low as to the tune 
of 2% under high doses. 
24. All the abnormalities l i s t e d above are found to recover 
in the subsequent generations. No abnormality appears to be 
permanent. 
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25» A number of anatomical va r ia t ions also develop in the 
shoot axis due to radiat ion treatment. 
i ) The ground t i s sue , cons t i tu t ing the p i th and cortex 
undergoes pro l i fe ra t ion along with an increase in 
the number of perivascular f ibres in the f i r s t 
generation af ter gamma-ray treatment in a d i rec t 
proportion to the i r r ad ia t ion l e v e l . 
i i ) The xylem cylinder i s noticed to undergo thinning 
in the t reated p l an t s . 
i i i ) The pro l i fe ra t ion of ground t i s sue , the reduction in 
xylem development and the d i sor ien ta t ion due to knot 
formation noticed in M. generation, do not reappear 
in the subsequent generat ions. 
iv ) In the affected xylem of M^  generation, while the 
frequency of vessel elements under goes reduction, 
the wood rays increase in number per uni t area and 
the ray components multiply to make the ray bodies 
wider than in cont ro l . 
v) The r ad i a l system in the wood of t rea ted plants has 
been found to increase in M- generation, whereas in 
the subsequent generations i t i s so much reduced as to 
become lesser in quantity compared to the cont ro l . 
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v i ) In the heterogenous ra^ system of Linum, the gamma 
radia t ion has induced homogeneity in having only 
upright or procumbent c e l l s . 
'«.r£» 
I v i i ) The tr^cheary elements develop^ thick walls in 
general . They also develop gelatinous wallj/which 
almost covers the lumen of the c e l l s , 
v i i i ) The ray c e l l s have also been found to develop thick 
l ign i f ied walls after gamma-ray treatment. 
ix) Both the vessels and f ibres exhibit dimensional 
var ia t ions due to gamma-irradiation, 
26, The dimensional, s t ruc tu ra l and quant i t a t ive anomalies 
noted in M^  generation have been observed to undergo p a r t i a l 
recovery in the subsequent Mp and M, generat ions. 
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INTRODUCTION 
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Introduction 
Linum usitatissimum L« has centur ies old his tory and 
has been recognized, since long, as a source of linen and 
l inseed o i l . The f i r s t cul t iva ted form was a biennial type, 
with small, narrow leaves, Linum augustifolium Huds.; but the 
annual or common f lax, L. usitatissimum has been grown in 
Mesopotamia-for at l eas t 4OOO years (Hayward 1967)? The common 
f l ax , belongs to the family Linaceae having 12 genera and 290 
species of wide geographical d i s t r ibu t ion (Wil l i s , 1966). The 
family i s ident i f ied by pentamerous flowers, with contorted 
coro l la composed of d i s t i nc t and usually clawed fugacious pe ta l s 
and by shortly connate filaments and sep t ic ida l ly dehiscent 
capsules . 
L, usitatissimum i s the only species of commerical 
importance. In addit ion, a few, others are grown for decorative 
purposes* Two d i s t i nc t types of flax have been developed; 
f ib re - f lax which produce f ibre for l inen, and seed-flax, produc-
ing oilseeds for l inseed o i l . The seed crop does well under 
moderate cold climate but the f ibre crop in the cool moist one 
(JLnionymous, 1962). 
Mojst of the t o t a l crop production comes from Russia, but 
the f ibre of the finest qual i ty i s grown in Belgium and Holand. 
n 
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In Argentina, India and the Iftiited S ta tes , the crop i s grown 
chiefly for l inseed o i l , ra ther than for the f ibre (Hayward, 
1967). 
The crop i s cul t ivated throughout the pla ins of India 
upto an a l t i t ude of 1,800 m« The seeds are sown in October and 
November ajad the crop matures by the end of March and Apri l , 
depending upon the time of sowing and var ie ty grown. Three 
species are recorded in India of which L, usitatissimum L, i s 
cu l t iva ted widely for i t s o i l -seed. L. bienne Mill , syn. 
L_. august i f olium Huds, and L, /erandiflorum Desf, are grown as 
ornamentals. The diploid chromosome number of Indian types i s 
30 (Anonymous, 1962). 
India accounts for an area of about 4»3 million acres 
and ranks f i f th among l inseed producing countr ies of the world 
in i t s t o t a l production of 3»9 lakh tonnes. Among the various 
s t a t e s of India, Madhya Pradesh leads in acreage followed by 
Uttar Pradesh and Maharashtra. 
Flax grown for f ibre are generally slender, t a l l , non-
t i l l e r i n g and sparingly branched, and those for seed are usually 
dwarf, much branched and profusely t i l l e r i n g . 
The o i l content of the seed var ies from 33jg to 475^  in 
different v a r i e t i e s . Linseed o i l having excellent drying charac-
t e r i s t i c i s extensively used in the preparation of pa in t s . 
varnishes pr in t ing inks, o i l - c lo th and water proof fabr ics , 
and as edible o i l in some area. The res idual cake i s valuable 
as c a t t l e feed as well as manure. The s ta lks are used for 
fuel , but sometimes coarse f ibre i s also extracted from them 
(Synonymous, 1962). 
The effect of ionizing rad ia t ions has found i t s use 
not only in undei>;banding the various fundamental problems of 
l i f e processes but also in improving the crop strategy through 
mutation for res i s tance to various pests and moulds, as well 
as for be t te r y i e ld . Gamma-irradiation has already taken i t s 
own place in crop improvement and in the analysis of growth 
events as an effect ive t oo l . 
The i r r ad ia t ion work on cul t iva ted p lan ts i s largely 
confined to cer ta in cereals such as wheat, r i c e , barley, oats 
and a few o i l crops l ike mustard, castor and pulses l ike pea 
and gram. A review of l i t e r a t u r e indicates that the l inseed 
crops has not yet been studied to the ex ten t / i t deserves, as 
an important cash crop especial ly as far as the Indian v a r i e t i e s 
of flax are concerned. 
The e a r l i e s t work on Linum in re la t ion to radiat ion i s 
that of Johnson (1936c). l a t e r Gustafsson (1944) and Levan 
(1944-) have reported i r r ad ia t ion effects on f lax , t reated with 
acute doses. After 12 years . Sparrow and Gunckel (1956) reported 
severe radiat ion damage. In 1957, D'Amato noticed a very high. 
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incidence of fasciat ion in p lan t s exposed to chronic gamma-
i r r a d i a t i o n . In the early seventies attempts have been made 
for a deta i led study on the effects of gamma-irradiation in 
the form of chronic and acute doses on morphological characters 
as well as in the yield cha rac t e r i s t i c s of l inseed crop 
(Bari , 1971). 
Although much information i s avai lable on responses of 
l inseed crop to various acute and chronic doses of ionizing 
rad ia t ions , our understanding regarding the i r responses with 
respect to developmental, f l o ra l and anatomical aspects i s 
extremely meager, pa r t i cu la r ly of the Indian v a r i e t i e s . 
The present work, therefore , has been under-taken to f i l l 
up the exis t ing gaps in our knowledge regarding the effect of 
i r r ad ia t ion on linseed crop, with special reference to growth 
responses which include germination and survival , general 
growth pa t t e rn , productivity and f lo ra l c h a r a c t e r i s t i c s in 
r e l a t i on to different acute doses of gamma rays in three consecu-
t ive generat ions. 
MATERIAL 
AND 
METHODS 
Material and Methods 
Materials; The material for the present study, the 
seeds of vjariety Mukta of Linum usitatissimum L. , has been 
procured from the Economic Botanist Oil Seeds, Chandra Shekhar 
Azad Agriculture University, Kanpur, The seeds were tes ted for 
v i a b i l i t y with tetrazolium chloride and the i r moisture content 
was adjusted to 10 per cent l eve l . They were exposed to six 
different acute doses of ionizing rad ia t ions in the form of gamma-
rays , using ° Co as the source, in the radia t ion biology labora-
tory of the National Botanic Research I n s t i t u t e , Lucknow. The 
doses included 25, 50, 75, 100, 125 and I5O krad t reatments . 
The seeds were exposed in l o t s of 500 each, taken in polythene 
bags. The i r rad ia ted seeds were b r o u ^ t to Aligarh and sowing 
was done on the second day. 
Preparation of the f i e ld : 
(a) Ploughing?- Before sowing, the f ie ld was repeatedly ploughed 
by a t r ac to r and l a t e r level led with the help of a country 
plough operated by b u l l s . 
('^) Designing of experimental p l o t s ; - The prepared f ie ld was 
made into small micro-plots of one meter square s i ze . There 
were 55 p lo t s for seven treatments , including the cont ro l . 
One set of 5 p lo t s served as beds for the untreated cont ro l . 
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(c) Manuring;- Farm-yard manure consis t ing of c a t t l e dung 
was supplied at a r a t e of U5 kg per micro-plot. After 
uniform spread of the manure, the p lo t s were i r r iga ted for 
the free mixing of the manure with the s o i l . 
(d) Sowing:- Prior to sowing, the t reated and untreated seeds 
were soaked in d i s t i l l e d water for 12 hours. The soaked 
seeds were sown in the micro-plots at the r a t e of 100 per 
plot in 10 rows, each row having 10 seeds. While sowing, 
care was taken t o place the seeds at uniform depth and 
d is tance . 
Germinationt 
Emergence of cotylendons above the s o i l level was taken 
as the c r i t e r ion for germination. Germination was recorded 
every 24 hours for a period of 30 days. The r a t e , as well as the 
amount of germination was s tudied. The germination percentage 
was calculated using the following formula: 
. . . ^^ . Number of seeds germinated ,. ^f^f^ 
Germination percentage = '^ X 100 
Number of seeds sown 
Survival - The plant survival was recorded at the time of 
harves t . The survival percentage was calculated in the follow-
ing manner: 
„ . , „ . No. of p lants survived v mn 
Survival percentage = r-*— :—r-^X 100 
No. of seeds germinated 
^1 
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Growth s tudies ; Twenty p l an t s , from each micro-plot, 
selected at random, were tagged and numbered to study the i r 
growth performance at weekly i n t e r v a l s . 
Cotyledon: 50 cotyledonary leaves were col lected at random 
basis from each treatment on the 30th day af ter sowing. The 
cotyledonary area was measured by means of planimeter. They 
were oven dried at 60 C for 72 hours to study the i r water 
content . 
Elongation growth: The height of the plant was recorded by 
measuring root and shoot lo ig th , by uprooting the plant at 
required i n t e r v a l s . The shoot height was measured from the ground 
leve l to the t i p of the main stem in centimeter. 
Leaf: The number of leaf on the shoot axis was counted from 
cotyledonary leaves to top most leaf on the. main stem. The 
number of leaves was also counted on l a t e r a l branches from base 
to apex s imi la r ly . 
Leaf areas The leaf area was calculated per plant on the bas is 
of average leaf area obtained per leaf in the different t r e a t -
ments. The leaf area was measured by using a planimeter. 
Branch elongation: The number of l a t e r a l branches a r i s ing on 
main shoot were noted at weekly in te rva l s and recorded. They 
were l a t e r averaged by dividing the t o t a l number of branches with 
number of p l an t s . 
Q 0 
Biomass estimation: To find out the biomass, the sampling 
was done at fortnightly i n t e rva l s randomly selected from each 
micro-plot . The uprooted p lants were brought to Laboratory, 
washed with water to remove sand p a r t i c l e s adhering to the 
root system. They were separately wrapped in papers and kept 
in hot a i r oven at 80 C» The oven-dried mater ia ls were weighed 
separa te ly . The average was calculated l a t e r . 
Dry weight and plant height r a t i o : This r a t i o was obtained by 
dividing the dry w e i ^ t of the plant by i t s height . This was 
done separately for each r ep l i ca t e and averaged was calculated 
l a t e r . 
flowering and f ru i t s e t t i n g : 
Number of flowers per p lan t : The number of flowers 
blossomed in the differ eat individuals were recorded on day to 
day bas i s . 
Number of f r u i t s per p lant : In a l l the tagged and 
numbered plants the number of f r u i t s set were recorded. The 
t o t a l number of f r u i t s set in a l l the 20 p lants were added and 
divided by 20 to get the average number of f ru i t per p lan t . The 
percentage of f ru i t set was calculated at the end of experiment 
considering the flowers bloomed and the number of f r u i t s s e t . 
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Yield; The yield per plant was calculated on the bas is of 
seed production. F i r s t the number of seeds per f ru i t was found 
out and l a t e r t h i s was multiplied by the average number of 
f r u i t s to get the seed yield per p lan t . Yield was l a t e r calcu-
la ted per plot basis using the seed w e i ^ t . 
Reproductive capacity} Reproductive capacity of progenies was 
calculated using the formula of Salisbury (1942): 
Reproductive capacity = Average seed out^put X Per cent germination 
Anatomical s tud ies : For anatomical invest igat ion the materials 
were collected in the morning hours, from the different i nd iv i -
duals of different treatments. Internodal pieces at three loca-
t ions of the shoot axis namely base, middle and upper regions 
were col lected and fixed in F.A.A. af ter a week, the fixed 
samples were t ransferred to 10% ethanol for preservat ion. They 
were l a t e r sectioned at a thickness of 10 to I2yu)in t ransverse , 
t angen t ia l and rad ia l longi tudinal planes. The sections were 
stained with iron alum, Haematoxylin and Bismark brown, dehydra-
ted in ethanol se r i e s and mounted in Canada balsum. One set of 
sect ions was also prepared using tannic acid, f e r r i c chlor ide 
and lacmoid as s ta ins following the schedule described by Cheadle 
et a l . (1953). 
iO 
Cortex, Xylem and Pith r a t i o ; The cor tex, xylem and pi th 
r a t i o was calculated on the basis of the area occupied by them 
in t ransec t ion . For t h i s purpose, Camera lucida diagrams were 
drawn on plain sheets to demarcate the out l ine of cor tex, xylem 
cylinder and pith out of a l l samples per ta ining to a pa r t i cu la r 
t reatment . The actual area of each region was measured using 
a planimeter. The average was l a t e r calculated on the bas is of 
samples col lec ted. 
Ratio of axia l versus rad ia l system; This was calculated on 
the bas i s of area occupied by the axia l elements and rad ia l ly 
running ra^s in tangent ia l sec t ions . The method used for t h i s 
purpose was the same as given under cortex, xylem and pi th r a t i o . 
Maceration technique: To study the morphological and dimen-
sional var ia t ions of the different components of xylem, the 
co l lec ted materials were macerated following the method described 
by Ghouse and Yunus (1972), The procedure included the following 
s teps . Stem pieces were trimmed to 2 cmlsize and cut into thin 
s l i c e s of 1 mm, thickness in tangent ia l plane. The s l i c e s were 
t rea ted with hot HNO- of 40 per cent concentrat ion. The t r e a t -
ment yielded vessels and f ibers in i sola ted form. They were 
stained with Haematoxylin and mounted in Glycerol. 
Individual elements of vessels and f ibers were measured 
by using sin ocular sca le . For each category of element 100 
readings were obtained on random se lec t ion . 
li 
s t a t i s t i c a l Analysis 
The data collected regarding different parameters under 
different treatments v i z . , 25, 50, 75, 100, 125 and I5O krad 
were s t a t i s t i c a l l y analysed in the following manner; 
(a) Mean 
The mean was obtained by adding a l l the observations 
on a pa r t i cu la r parameter and then dividing i t by the number of 
observations. This method can be expressed in the form of a 
mathematical formula as 
- _ m 
n 
where m = summation of all the observations. 
n = number of observations, 
X = mean 
(b) Standard deviation (S.D.) 
Standard deviation has been calculated with the help of 
following formula for each parameter. It is the positive square 
root of the average of sum of squares of deviation of all obser-
vations from their mean. 
SD " 
- — - - _ _ — : •'•'- - y -
(x^-x) + (xg-x) + (x^-x) + + (x^-x) 
n 
where x^, x^, x„ . . . . . . x„ are observations 
1 ^ 5 n 
n = number of observations. 
X = arth^mi^tic mean. 
^ Computer prograiaie for Mean and standard deviation 
The following programme was prepared for the computation 
of mean and standard deviation based on the al«)ve formulae. 
The programme was run on computer "A»M,U, S Vax 11/780 system" 
i n s t a l l ed at the computer centre of the Universi ty. 
Control Cards 
$ JOB }!> BATCH/NAME = RESHMA 
I PASSWORD AMUVAX 
% @ lOR i DEVI i LIST ^ LINK ;i RUN ^ DELETE 
e 
% )& DECK 
Programme Cards 
I 
I 
I 
i J^  EOD 
1 
I 
I 
I 
Data Cards 
» 
I 
i ;^  EOJ 
MULTIPUNCH & - 0, 1, 6, 7, 8, 9 
BL4NK CARD 
Programme J - This programme was designed for seven treatments 
including control v i z . , 23, 50, 75, 100, 125 & 150 krad and 
Twenty observations which was taken for a l l parameters except 
Biomass and anatomical s tud ies . 
DIMENSION A^(20), A2(20), AjCaO), A4(20), A5(20), Ag(20), A^(20) 
5 READ (8,10)((A-,(I) , AgCD, A^CD, A ^ d ) , A^il),A^{l),Kj{l)), 
1 = 1 , 2 0 ) 
i d 
10 FORMAT (16 F 5.0) 
SUM A, = 
SUM Ag = 
SUM A^ = 
SUM A, == 
4 
SUM At- == 
5 
SUM Ag •-•-
SUM A^ == 
0.0 
0.0 
0.0 
0,0 
0.0 
0.0 
0.0 
DO 75 K = 1,20 K = 1,5 in case of Biomass 
K = 1,100 in case of micromorphology 
A^K = A^(K) 
AgK = AgCK) 
A^K = AjCK) 
A^K = A^CK) 
AgK = Ag(K) 
A^K = A^(K) 
SUM A^  = SUM A^ + A^K 
SUM Ag = SUM Ag + A2K 
SUM A^ = SUM A^ + A^K 
SUM A4 = SUM A^ + A^K 
SUM A^ = SUM A^ + A^K 
SUM Ag = SUM Ag + AgK 
SUM A^ = SUM A^ + A^K 
75 CONTINUE , . ^ ^ . 
AM = SUM A / 5 in case of Biomass 
C AM = Mean AM = SUM A / 1 0 0 in case of micromorphology 
A^ M = SUM A^/20 
AgM = SUM A2/2O 
A^ M = SUM A5/2O 
A^ M = SUM A^/20 
A^ M = SUM A5/2O 
AgM = SUM Ag/20 
A.^ M = SUM A^/20 
SA = 
SA^  
SAg 
SA3 
SA5 
SAg 
SA^  
DO 
: SIGM 
= 0,0 
= 0*0 
= 0.0 
= 0.0 
= 0„0 
= 0.0 
= 0.0 
85 I I = 1,20 
C SA = SIGM (A(l)-XBi4R) 
SA^  « SA^+(A^(l)-^1^CIp 
SA, = S-VCA^CD-A^M) ^^ 
SA, = SA5+(A5(I)-A5M)^ 
SA, = SA, . (A,(I) .A,M) 
SA5 = SA^+CA^CD-A^M)^^^ 
SA^ = SA.+(A.(I)-A.M) 
SA^ = SAy+(A^(l)-A^M) 
85 CONTINUE 
SD A, = S«KI (SA,/20) ^^^ ^ sgRi (sV5)-Biomass 
SD Ap = SORT (SAg/aO) g^^ ^ gqg^ (SA/lOO)- Micromorphology 
SD A5 = SQRT (SA5/2O) 
SD A, = SQRT (SA,/20) 
SD A5 = SQRT (SA5/2O) 
SD Ag = SQRT (SAg/20) 
SD A^ == SQRT (SA^/20) 
WRITE ( 5 , 7 8 ) ( ( A i { l ) , AgCD, A j d ) , A , ( l ) , A ^ d ) , 
A g ( l ) , A ^ ( I ) ) , 1 = 1,20) , A^M, AgM, A^M, A,M, 
AM, AgM, A^M, SDA^, SDA,, SDA^, SDA,, SDA^, 
SDAg, SDA^ 
78 FORMAT ( / ( IH b / , 7P 15 .5 ) ) 
GO TO 5 
END. 
ID 
(c) Least Significant difference (L»S.D«) 
Least s ignif icant difference has been calculated with 
the help of following formulae for each parameter. 
Treatments •— T. '^o ^^ >^. ^K ^C -^7 Total 
Replicates 1 2 3 4 5 6 7 
I 
«1 
. Rg 
«3 
h 
s 
1 
2 
3 
4 
5 
t 
6 
7 
8 
9 
10 
u 
11 
12 
13 
U 
15 
V 
16 
17 
18 
19 
20 
w 
21 
22 
23 
24 
25 
X 
26 
27 
28 
29 
30 
y 
31 
32 
33 
34 
35 
z 
a 
b 
c 
d 
e 
Grand Total 
Correction factor (CF) = (Grand Total) 
35 
2 2 2 2 2 
1. Sum square for r ep l i ca t e s (Val^) = a -t-b +c +d -t-e _ CP 
2. Sum squjire for treatments (Val^) = t -t-u +v -fw 4x +,y 4-z - cF 
'^  5 
3. Total sum square {Val5)=((1)^+(2)^+(3)^+(4)^+... .(35)^) - CF 
1 
Variation 
due to 
-i 
Degree of 
freedom 
(BF) 
Sum of square Mean sq, of 
Error 
Replicates 
Treatments 
Error 
(5-1) = 4 
(7-1) = 6 
34-(4+6)=24 
Value 1 
Value 2 
Value 3-(Val^+Val2)=Val^ 
Value 1 / D F 
Value 2 / D F 
Val 4 / D F 
Total (35-1) = 34 Val 3 Val 4 / D F 
L.S.D. = ^Mean square of Error x*^  ^ t value of DF of Error Number of r ep l i ca t e s at 5^ or 1% l e v e l . 
Degree of freedom (D.F.) has been calculated with the 
help of following formula. 
D.F. = f{T X R) - i y - ^ " ( T - 1) + (R- \)J 
Computer programme for L.S.D. 
The computer programme was prepared for the computation 
of L.S.D. based on the above formulae. The programme was run 
with the help of the following control cards . 
Control Cai'ds 
1 . $ )i JOB ^ B A T C H / M M E = KHM 
2. $ )!> PASSWORD ^ AMUVAX 
5 . $ )$ CREATE ^^  RESHMA FOR 
A . $ ]& DECK 
11 
Programme Cards 
5* % i EOD 
e, % '^ FORTRM/LIST = sis % our PUT ]/i RESHM 
7 . % LINK/NOMiP l/i RESHMA 
8 . I )$ ASSIGN ;i SYS I OUT PUT ;^  POR 005 
^, % i ASSIGN )i SYS $ IN PUT ;i FOR 008 
10, I ^ RUN Jli RESHMA 
1 1 . $ )i DECK 
f 
t 
1 
Dat^ Cards 
• 
12. 
13. 
U. 
15. 
16. 
Pro 
1 
1 ^ EOD 
$ ^ DELETE J^  
% i EOJ 
Multipunched 
BLANK CARD 
^amme 
RESHMA. 
card & 
# • * 
. 
- 016789 
This programme was designed for seven t r e a t m e n t s v i z . , 
25 , 50, 75 , 100, 125 and 150 krad and un t r ea t ed c o n t r o l and 
twenty observations which was taken for a l l parameters except 
Biomass and anatomical s tud ies . 
1. DIMENSIOX (20,7) , SUM^(20), SUM 3 ( 7 ) , ALSD(IOO), ALSD2(100) 
(20) = No. of r ep l i ca t e s 
(7) = No. of treatments 
(100) = Total No, of Data cards . 
2 . K = 1 
3 . KK = No. of t a b l e s 
18 
4 . 
5 . 
6. 
1 . 
8 . 
9. 
10. 
m 
12. 
13 . 
U . 
15. 
16. 
17. 
18. 
19. 
20. 
2 1 . 
22 . 
2 3 . 
24. 
25 . 
26. 
27. 
28. 
29 . 
30 . 
3 1 . 
1 
5 
3 
5320 
500 
400 
700 
600 
800 
900 
READ ( 8 , 5 ) ( ( X ( I , J ) , J = 1 , 7 ) , 1=1,20) 
J = No. of t r ea tmen t s 
I = No. of r e p l i c a t e s 
FORMAI (16 F 5.0) 
WRITE (5 ,3 ) 
FORMAT (2X, 120(' ' ) ) 
WRnE ( 5 , 5 3 2 0 ) ( ( X ( I , J ) , J = 1 , 7 ) , I = 1 , 2 0 ) 
FORMAT (IX, 7F 15.3) 
SUMT = 0 
D0400I = 1 , 2 0 
SUMS = 0 . 0 
D0500J = 1 , 7 
SUMS = SUMS + X ( 1 , J ) 
SUMT = SUMT + X ( I , J ) * * 2 ** 2 means square 
SUM, = ( I ) = SUMS 
CONTINUE 
D0600J = 1 , 7 
SUMS = 0 . 0 
D0700I = 1 , 2 0 
SUMS = SUMS + X ( I , J ) 
SUM3 ( J ) = SUMS 
CONTINUE 
SUM 5 = 0 
D0800I = 1 , 2 0 
SUM 5= SUM 5+ SUM 1(1) 
CF = SUM 5 * SUM 5/140 140 = No. of r e p l i c a t e s x No. 
of t r e a t m e n t s 
SUM = 0 
DO9OOI = 1 , 2 0 
SUM = SUM + SUM 1(1) •*2 
VAl 1 = SUM/7-CF 
19 
32. SUM * 0 
33 . D01000J = 1 , 7 
34 . 1000 SUM = SUM + SUM3 ( J ) **2 
35 . Val 2 = SUM/20 -CP 
36. VAL 3 = SUMI - OF 
37. VAL 4 = SQRT((VAL3 - VAL 1 - VAL 2 ) / 1 l 4 0 ) 
38 . ALSD(K) = VAL4* 1.982 1.982 = t va lue of 114 DF of 
Er ror a t 3% l e v e l 
39. ALSD2 (K) = VAL4 * 2.625 2.625 = t va lue of I I4 DF of 
Error a t I5? l e v e l 
4 0 . WRITE (5 ,2 ) CF, VALI, VAL2, VAL3, VAL4, ALSD(K),ALSD2(K) 
4 1 . 2 FORMAT ( 2 X , 7 ( I X , E I 5 . 7 ) ) 
42 . K = K + 1 
4 3 . IP (K-KK) 1,1,100 
4 4 . 100 WRITE (5,10)(ALSD(I), 1=1,KK) 
4 5 . WRITE (5,10)(ALSD2(I), 1=1,KK) 
46 . 10 FORMAT (1H, 8 ( F 1 2 . 6 , 2 X ) ) 
47 . END 
(d) Coeff ic ien t of v a r i a t i o n (CV) 
To show and compare the v a r i a b i l i t y among i n d i v i d u a l s of 
the t r e a t e d and un t r ea t ed progenies c o e f f i c i e n t of v a r i a t i o n of 
each progeny was c a l c u l a t e d with the help of fo l lowing formula: 
CV = - ^ ^ ^ X 100 
Mean 
2a 
(e) Per oent Variation (PV) 
To show the var ia t ion between t reated progeny with 
that of control per cent var ia t ion was calculated with the help 
of following fornaila. 
PV = ^ " •^ - X 100 
where A = Mean value of control 
B = Mean value of t rea ted progeny. 
OBSERVATIONS 
2i 
Germination: 
The seed germination was studied under f ie ld conditions 
by sowing 100 seeds per micro-plot at equal distance and depth. 
The emergence of cotyledons to the s o i l surface was taken as 
the c r i t e r ion for germination. Observations were recorded at 
24 hours i n t e rva l . 
I t was found that the seeds showed germination af ter 
f ive days of sowing in control as well as in 25 Krad treatment, 
whereas in the res t of the t reated l o t s , seeds germinated on the 
sixth day. The maximum percentage of germination was recorded 
on the tenth day in case of control , on the 12th, 13th, I5th, 
16th, I7tb and I8tb day af ter sowing in 25, 50, 75, 100, 125 and 
150 krad treatments respect ive ly , (Figure 1) . The t o t a l amount 
of germination obtained under different treatments showed that 
there i s a gradual f a l l in percentage of germination with the 
increasing dose of the treatment. The number of seeds germinated 
under the different treatments ranged from 81 to 98 per 100 seeds, 
the minimum being in the I5O krad treatment and the maximum in 
the untreated control (Figure 1) . 
In Mp generation the i n i t i a l germination was recorded in 
case of control , 25» 50, 75 and 100 krad on 5th day af ter sowing, 
while in the res t two t rea tmai ts germination s ta r ted on the 6th 
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day. The maximum percentage was obtained on the 10th day in 
control as well as in 25 krad treatment and on the 11th day in 
50, 75 and 100 krad t reatments . The maximum germination in M-
generation did not follow any trend as i t did in M^  generation. 
The lowest percentage was recorded in 100 krad treatment in M^  
generat ion, while the maximum of 98^ in con t ro l . Unlike in M^  
generation, the range of maximum in M„ generation under the 
di f ferent treatments happened to be qui te narrow (Figure 2 ) . 
A similar study on germination in H, generation has shown 
that the i n i t i a l germination under a l l treatments occurred on 
the 5th day as in cont ro l , while the maximum on 10th and 11th 
day af ter sowing (Figure 3)» The amount of germination in M-
generation ranged from 93 to 96^ in the different treatments 
ind ica t ing that the t rea ted seeds had recovered almost to the 
level of control (Figure 3)» 
Figure 4 shows the effect of gamma-ray treatments on 
germination of the var ie ty under inves t iga t ion . I t i l l u s t r a t e s 
the timings of i n i t i a t i o n and cessation of the process in the 
different generations. Figure 5 shows the comparative attainment 
of the t reated as well as the untreated control seeds, in the 
consecutive generations. I t becomes clear from the Figure 5 
that t o t a l percentage obtained under the different t reatments 
did not vary to any considerable extent . But there has been a 
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23 
considerable delay in a t t a in ing the maximum percentage under 
different treatments in M^  generation. Figure 4 i l l u s t r a t e s the 
recovery in t h i s regard in the subsequent generat ions. 
Survival i 
To study the survival r a t e of the t reated progoi ies , 
separate sets of micro-plots each having 100 seedlings were main-
ta ined. The survival r a t e was calculated at the time of harvest . 
I t has been found that the survival percentage happens to be cent 
per cent in control and 25 itrad treatment. In 50 krad treatment, 
the survival percentage was 98,9^. Under the res t of the t r e a t -
ments, there has been a considerable f a l l in the survival pe r -
centage following a di rect proportion to the i n t s i s i t y of doses, 
leading to the minimum of 18,5/S under I50 krad treatment. 
Figure 6 shows the seedling survival of M ,^ Mp and M_ 
generat ions . I t indicates that there has been a remarkable 
recovery in the subsequent generations from the l e t h a l effect of 
i r r a d i a t i o n . 
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Growth; 
The growth performance of the t rea ted progenies was 
studied under f ie ld conditions at weekly or for tn ight ly i n t e r -
va ls using cotyledonary expansion, root-shoot elongation, 
branch formation, leaf production and biomass accumulation as 
parameters. The r e s u l t s obtained are described under separate 
heads / in the following pages for convenience. 
Cotyledon? 
M^  generat ions- The cotyledonary leaves of a l l the 
t rea ted and the untreated progenies were col lected on the jOth 
day af ter sowing at the r a t e of 50 per treatment. The leaf area 
was measured with the help of a planimeter* I t has been found 
that the average area of cotyledons s igni f icant ly d i f fe rs under 
a l l treatments compared to that of cont ro l , except the 50 krad 
treatment (Table-1). The mean cotyledonary area, developed 
under 50» 75 and 100 krad treatments, showed a marginal increase 
over that of control to an extent of 1,094 to 9,854%, In the 
r e s t of the treatments, cotyledonary area showed a s i ^ i f i c a n t 
decrease ranging from 8.759 to 11,366 per cent compared to that 
of control (Table-1). 
The analysis of variance, has demonstrated that the CV 
value to be higher in 25 and 50 krad treatments and lower in the 
r e s t compared to that of control (Table-1). 
2S 
Table - 1 Gotyledonary area of M-j generation of 
L, usitatissimum L. var . Mukta af ter 3O days of 
sowing under different gamma-ray doses. 
Doses in Area of cotyledon PV CV 
Krad ^^ „„2 
in cm 
Control 
25 
50 
75 
100 
125 
150 
L.S.D. at 
% level 
1.096 
+0.2684 
1.000* 
+0.2677 
1.108 
+0.3252 
1.204* 
+0.2637 
1.152* 
+0.2275 
0,907* 
+0.1639 
0.971* 
+0.1847 
0.054 
24.49 
-8 .75 26.77 
+1.09 29.35 
+9.85 21.90 
+5.10 19.75 
-17.20 18.06 
-11.36 19.01 
* = Significant at % l e v e l . 
+ = Standard deviation 
PV = Percent var ia t ion 
CV = Coefficient of var ia t ion 
L.S.D.= l eas t s ignif icant di f ference. 
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In order to analyse tiie water and dry matter content of 
cotyledonary leaves , 50 cotyledons were col lected per treatment 
and weighed before and af ter oven-drying« I t has been found 
that fresh weight of cotyledons showed a s ignif icant increase 
in the progenies of high in tens i ty doses over that of cont ro l , 
while the two lower doses showed a marginal ins igni f icant 
decrease ranging from 4.580 to 7.885 per cent compared to that 
of control (Table-2). The analysis of coefficient of var ia t ion 
has shown a higher value in the t reated materials than in control 
with the exception of 25 krad treatment• 
The dry weight analysis of cotyledons has shown that the 
t rea ted progenies dif fer to a s ignif icant level compared to 
cont ro l . Progenies of 25 and 50 krad treatments showed a decrease, 
while those of the other treatments recorded a s igni f icant increase 
over tha t of control (Table-2). The analysis of variance of the 
different populations has shown that the t rea ted ones have a 
higher value of CV than that of cont ro l . 
The fresh weight of cotyledons per uni t area (cm*") when 
calculated and compared, i t was found that a l l the t rea ted 
2 
mater ia ls recorded a higher fresh weight per cm area of coty-
ledons, excepting the 50 krad treatment, in which the plants 
showed a decrease to an extent of 5.427 per cent (Table~3). A 
2 
similar analysis of dry weight content per cm area of cotyledo-
nary leaves, has shown that the higher doses l i ke 75 krad and 
Table -2 Fresh and dry weight (g) of 50 cotyledons of 
30 day old stage of M^ generation of 
L, usi tat iss imtm ! • var . Mukta under different 
gamma-ray doses. 
Doses in 
Krad 
Fresh 
Weight 
Dry 
Weight PV GV 
Control 
25 
50 
75 
100 
125 
150 
L.S.D. at 
3% level 
2.625 
+O.I58I 
2.4I8 
±0.1581 
2.510 
+0.5162 
3.275* 
+0.2404 
3.011* 
+0.3909 
2.919* 
+0.5603 
3.047* 
+0.4734 
0.2743 
^0.280 
±0.0158 
tHlll 
0.228* 
+0.0303 
0.324* 
+0.0483 
0.320* 
+0,0514 
0.325* 
+0.0626 
0.425* 
+0,0728 
0.0396 
6.02 
5.64 
-7.88 6.55 
-22.5 9,31 
-4.38 12.59 
-18.57 13.32 
+24.76 7.54 
+15.71 14.91 
+14.70 12.98 
+14.28 16.08 
+11.20 19.19 
+16.07 19.27 
+16.09 15.53 
:^51.78 17.14 
* = Significant at 5% l eve l , 
PV = Percent va r ia t ion , 
L.S.D. = Least s ignif icant 
difference. 
+ = Standard deviat ion, 
CV = Coefficient of va r i a t ion . 
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Table - 3 Fresh weight, dry weight and water content 
per unit area of 30 day old cotyledons of 
M^  generation of 1, usitatissimum L, var . 
Mukta under different gamma-ray doses. 
2 Doses Weight in g per cm 
in 
Krad 
Contr 
25 
50 
75 
100 
125 
150 
•ol 
M = 
PV = 
M 
PV 
M 
PV 
M 
PV 
M 
PV 
M 
PV 
M 
PV 
M 
PV 
Mean 
Presh 
0.0479 
-
0,0483 
+0.96 
0,0453 
-5 .42 
0.0544 
+13.56 
0.0522 
+9.12 
0.0643 
+34.30 
0,0627 
+30.98 
Percent v a r i a t i o n 
Dry 
0,0051 
-
0,0043 
- I 5 . 0 5 i 
0,0041 
-19 .45 
0,0053 
+5.34 
0,0055 
+8,63 
0,0071 
+40.20 
0,0087 
+71.26 
Water conten t 
0,0427 
-
0,0440 
+2.87 
0,0411 
- 3 . 7 5 
0,0490 
+14.55 
0.0467 
+9.18 
0,057 
+33.59 
0.0539 
+26.17 
2 
Table - 4 Water and dry matter content of 30 day old 
cotyledons of M^  generation of L. usitatissimum 
L, var . Mukta under different gamma-ray doses 
in terms of fresh weight. 
Doses , Dry matter 
in 
Krad 
Water content/g PV content /g PV 
Control 
25 
50 
75 
100 
125 
150 
0.8933 
0.9102 
0,9091 
0.9010 
0.8937 
0.8886 
O.86O5 
— 
+1.89 
+1.77 
+0,86 
+0,04 
-0,52 
-3.67 
0.1066 
0.0897 
O.O9O8 
0.0989 
0.1062 
0.1113 
0.1394 
— 
-15.86 
-14.84 
- 7.24 
- 0.36 
+ 4.37 
+30.73 
PV = Percent var ia t ion 
-D 0 
above, promote dry matter accufflulation in cotyledons, while 
the lower doses l i k e 25 and 50 krad treatments do not do so. 
The water content of cotyledonary leaves on comparison 
has revealed that a l l the t reated progenies have higher water 
content per unit area of cotyledonary leaf than the cont ro l , 
excepting 50 krad treatment in which a s l igh t decrease of 3»75^ 
has been recorded compared to that of control (Table-3)» When 
the water content of leaves was calculated on weight to weight 
bas i s , i t was found t h a t , excepting the two higher doses (125 
and 150 krad) , in a l l the other treatments the p lan ts have shown 
h i ^ e r water content per gm of fresh leaf (Table-4). Similar ly, 
the dry matter content when analysed on weight to weight bas i s , 
i t has been found that there i s a gradual decrease in the dry 
mass percentage of cotyledonary leaves from 25 krad to 100 krad 
treatment, while in 125 and I5O krad treatments there has been 
an increase in the dry mass content compared to that of cont ro l . 
Mp generat ions- The cotyledonary expansion has been 
studied in Mp generation based on 50 samples per treatment* I t 
has been found t h a t , in second generation, the cotyledonary area 
of t reated progenies does not d i f fer s igni f icant ly compared to 
tha t of control , under a l l t reatments , except that of 100 and I50 
krad doses. The per cent var ia t ion analysis has revealed that 
the re i s a marginal decrease in 25, 50, 75 and 125 krad treatments 
3i 
and a s igni f icant decrease in 100 Icrad treatment, while in 150 
krad treatment there i s a s ignif icant increase in surea of 
cotyledons over that of control (Table-5). 
Analysis of coefficient of var ia t ion has revealed that 
the t reated progenies show a higher value of coefficient of 
va r ia t ion over that of control under a l l treatments ind ica t ing 
that the var ia t ion induced by ionizing rad ia t ions l a s t s even in , 
t he second generation. 
The weight analysis of cotyledons of the different proge-
n i e s and that of control has shown that they do not di f fer to a 
s ignif icant l eve l , although they vary apparently from one another. 
However the progeny of I50 krad treatment has shown that fresh 
weight of cotyledons to be heavier than that of control as well as 
of other t reated progenies (Table-6). 
The analysis of coefficient of va r ia t ion with regsird to 
fresh weight of cotyledons in the Mp generation has shown that a l l 
the t reated progenies have a higher vsulue than that of cont ro l , 
except that of 25 krad dose in which almost a similar value of CV 
has been recorded as that of control (Table-6), 
The dry wei^it analysis of cotyledons in M generation 
has demonstrated again that there has been no s ignif icant d i f f e -
roice in the dry matter content of Mp generation between the 
control p lants and that of t reated ones except the I5O krad dose 
Table - 5 Cotyledonary area of Mp generation of L. usitatlssimum 
L. var# Mulct a af ter 30 days of sowing under different 
gamma ray doses. 
Doses in Area of cotyledon in PV CV 
20.62 Control 
25 
50 
75 
100 
125 
150 
L.S.D« a t 
3% l e v e l 
0,990 
+0,2041 
0,958 
+0,2121 
0.946 
+0.2517 
0.972 
+0,2452 
0.907* 
+0.2644 
0.964 
+0.2507 
1.056* 
+0.3742 
0.061 
- 3 . 2 3 
-4 .44 
-1 .81 
-8 .37 
- 2 . 6 2 
+6.66 
22.15 
26.61 
25.23 
29.15 
23.93 
55.44 
* = Significant at 5^ level 
+ = Standard deviation 
PV = Percent var ia t ion 
CV = Coefficient of var ia t ion 
L.S.D.= Least s ignif icant difference 
Table - 6 Fresh and dry weight (g) of 50 cotyledons of 
30 days old stage of Mp generation of 
L, usitatissimum L, var . Mukta xmder different 
gamma-ray doses. 
Doses in 
Krad 
Fresh Weight Dry Weight PV CV 
Control 
25 
50 
75 
100 
125 
150 
L.S.D. at 
3% level 
2.520 
+0.1645 
2.310 
±0.1497 
2.302 
+0.1660 
2.307 
+0.1611 
2.553 
+0.1999 
2.405 
+0.2322 
2.794* 
+0.2891 
0.2624 
0,191 
+0,0115 
0,860 
+0,0129 
0.175 
+0,0131 
0.180 
+0,0126 
0.206 
+0.0163 
0.208 
+0.0210 
0,226* 
+0.0255 
0,0341 
• = Significant at 5% level 
+ = Standard deviation 
PV = Percent var ia t ion 
CV = Coefficient of var ia t ion 
-8.33 
- . . . i 
-8.65 
-8.45 
+1.30 
-4.563 
+10.87 
-
-2.61 
-8.37 
-5.75 
+7.32 
+8.90 
+18.32 
6.53 
6,48 
7.21 
6,98 
7.83 
9.65 
10.34 
6,03 
6,97 
7.53 
7.00 
7.95 
10.10 
11.28 
L.S.D. = Least s ignif icant difference 
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in which a s ignif icant increase in dry mass value has been 
recorded over that of control and other t reated progenies 
(Table-6) . 
The CV analysis of the different populations has revealed 
that a l l the t reated progenies show a higher value than that of 
cont ro l , with respect to dry matter content in cotyledons. 
The fresh weight of cotyledons in respect of unit area 
has been analysed in the dif ferent progenies. I t has been found 
2 
that the fresh weigjit of cotyledons per cm area d i f fe rs to some 
extent from tha t of control within a range of 1.984 to 10,569/S 
both ways. There i s a decrease under 25» 50, 75 and 125 krad 
treatments and an increase under 100 and I50 krad treatments as 
compared t o cont ro l . The dry w e i ^ t dis t r ibut ion/cm area of 
cotyledons has shown on analysis that there i s an increase of dry 
matter content under high in tens i ty treatments (100, 125 and I50 
krad) . In the lower doses ranging from 25 to 75 krad there i s a 
2 decrease in the dry matter content of cotyledons per cm area, 
as compared to control (Table-7). 
A similar analysis of water content per uni t area of 
cotyledonary leaves has shwon that the plant ra ised under 100 and 
I5O krad treatments showed an increase in water content per unit 
h 
area of cotyrJedons, while the others have recorded a decrease 
compared to control (Table-7). 
or 
Table - 7 Fresh weight, dry weight and water content per 
unit area of 50 days old cotyledons of Mp generation 
of 1. usitatissimum L. var . Mukta under different 
Doses 
Krad 
in 
M 
Control 
PV 
25 
50 
75 
100 
125 
150 
M 
PV 
M 
PV 
M 
PV 
M 
PV 
M 
PV 
M 
PV 
ganana-ray doses . 
Weight 
Fresh 
0.0509 
0.0482 
-5 .26 
0.0486 
-4 .40 
0.0474 
-6 .75 
0.0562 
+10.56 
0.0498 
-1 .98 
0.0529 
+3.94 
2 
m g per cm 
Dry 
0,0038 
0.0038 
-0 .64 
0.0036 
-4 .12 
0,0037 
-4 .01 
0,0045 
+17.13 
0,0043 
+11,84 
0,0042 
+10.93 
Vater content 
0.0470 
0.0443 
-5 .78 
0.0449 
-4 .44 
0.0437 
-7 .00 
0.0517 
+10.01 
0.0455 
- 3 , 1 3 
0.0486 
+3.35 
M = Mean 
PV = Percent var ia t ion 
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Table - 8 Water and dry matter content of 30 days old 
cotyledons of Mp generation of L, usitatissimum L. 
var . Mukta under different gamma-ray doses in terms 
of fresh weight. 
Doses in Water content /g. PV Dry matter 
Krad content /g . 
PV 
Control 
25 
50 
75 
100 
125 
150 
0.9242 
0.9194 
0.9239 
0,9219 
0.9197 
0.9135 
0.9191 
-0.51 
-0.02 
-0.24 
-0.48 
-1.15 
-0.55 
0.07 58 
O.O8O5 
0,0760 
O.O78O 
O.O8O3 
0.0864 
0,0808 
+6,22 
+0.30 
+2.94 
+5.93 
+14.10 
+6.71 
PV = Percent var ia t ion 
3^ ' r-^  
The water content of cotyledonary leaves of Mg 
generation iwiien compared by weight to weight bas i s , ;^i;X has been 
found t h a t - i t v a r i ^ from 0,024 to 1,1565^ in the different 
t rea ted progeaies compared to that of con t ro l . But in a l l cases, 
the water content recorded a decrease coiopared to that of control 
per gm of fresh cotyledons (Table-8). A s imilar analysis of dry 
mass content per gm of fresh cotyledons has revealed that there 
i s a posi t ive increase in the dry mass content of cotylendons 
over that of control to an extent of 0,303 to 14.102^, the maximum 
being under 125 krad treatment and the minimum in 50 icrad t r e a t -
ment (Table-8) . 
M, generat ion:- The cotyledonary expansion has also 
been studied in M generation following the same procedure adop-
ted for the M- and Mp generat ions. Area of cotyledons on compa-
rison has shown a decrease under a l l t reatments compared to that 
of cont ro l , excepting 50 krad treatment in which i t has beoi 
found to be the same as in the cont ro l . The difference in s ize 
on s t a t i s t i c a l analysis among the different treatments has shown 
tha t only in one case (125 krad) i t i s s igni f icant ly different 
from that of control , whereas in others the s ize var ia t ion does 
not go to an extent of a s ignif icant l e v e l . 
The per cent var ia t ion analysis has shown that the coty-
ledonary size var ies from 0,18 to 10.05^ in the dif ferent t r e a t -
ments compared to control (Table-9), the maximum being in 125 krad 
•treatment and the minimum in 75 krad. 
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Table - 9 Cotyledonary area of M~ generation of 
L. usitatissimum L, var . Mukta af ter 3O days 
of sowing under different gamma-ray doses. 
Doses in Area of cotyledon in PV CV 
Krad cm 
1,000 
Control +0.2094 
0.905 
25 +0.1792 
1.000 
5° +0.2274 
7c 0.998 
'^ +0.2164 
100 ^ -^4^ 
^ " " +0.2317 
10P 0 . 8 9 9 * 
^^^ +0.2150 
150 
0.918 
+0.1969 
L.S.D. at 0.095 
3% l eve l 
^ 
-9.50 
0.0 
-0.18 
-5.91 
-10.05 
-8.14 
20.94 
19.80 
22.74 
21.68 
24.63 
23,91 
21.44 
* = Significant at 3% level 
+ = Standard deviation 
PV = Percent var ia t ion 
CV = Coefficient of var ia t ion 
L.S.D. = Least s ignif icant difference 
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The coefficient of var ia t ion analysis has shown that the 
var ia t ion within the population under different treatments i s 
very close to each other and that of cont ro l , indica t ing that the 
induced var ia t ion has almost vanished in the th i rd generation. 
Fresh weight analysis of var ia t ion in th i rd generation has 
revealed that in the t reated progenies there has been a decrease 
under a l l treatments but to a s ignif icant level only under 25» 
ICfiD, 125 and I5O krad t reatments . The per cent var ia t ion of fresh 
weight indicates that i t var ies from 4.094/^ to 44.596j^, the maxi-
mum being in 125 ^rad treatment and the minimum in 50 krad t r e a t -
ment. The analysis of var ia t ion within the population has demons-
t ra ted that there i s not much of var ia t ion in the t rea ted popula-
t ions and the control (Table-10), 
Dry weight analysis of the cotyledons has revealed that in 
the t rea ted progenies the dry matter content decreases compared to 
control but to a s ignif icant level only under 25, 75 and 125 krad 
t reatments . The per cent var ia t ion of cotyledonary dry mass, has 
shown that i t s decrease var ies from 3»174 to 26.190^ in the 
t r ea ted materials compared to control , the maximum being under 25 
krad treatment and the minimum in the 50 krad treatment (Table-10), 
The CV analysis regarding the dry mass content of coty-
ledons has also shown a minimum var ia t ion in the dif ferent t reated 
plants compared to cont ro l , indicat ing the induced var ia t ion has 
almost vanished in the th i rd generation (Table-10). 
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Table - 10° Fresh and dry weight (g) of 50 cotyledons of 
30 day old stage of M, generation of 
L. usitatissimum L. var , Mukta under d i f ferent 
gamma-ray doses. 
Doses in Presh weight Dry weight PV CV 
Krad 
2.711 - 6.35 
Control +0.1723 
1.705* 
25 +0.1132 
2.600 
50 +0.1815 
2.310 
75 +0.1618 
2.100* 
100 +0.1581 
1.502* 
125 +0.0944 
2.000* 
150 +0,1421 
L.S.D. at 0.5479 
5^ level 0.0463 
0.252 
+0.0164 
0.186* 
+0.0135 
±8:§!i2 
0.192* 
+0.0146 
0.206 
+0.0141 
0.190* 
+0,0126 
0.208 
+0.0149 
-37.10 
-4.09 
-14.79 
-22.42 
-44.59 
-26.22 
** 
6.64 
-26.19 
6.98 
-3.17 
7.00 
-23.80 
7.52 
-18.25 
6.28 
-24.60 
7.10 
-17.46 
6.54 
7.28 
7.46 
7.61 
6.88 
6.65 
7.20 
* = Significant at % level 
+ = Standard deviation 
PV = Percent var ia t ion 
CV = Coefficient of var ia t ion 
L.S.D. = Least s ignif icant difference 
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The analysis of fresh weight in r e l a t ion to area of 
cotyledons has shown that the fresh weight of cotyledons shows 
a decrease from that of control in a l l the t reated progenies per 
cm area of cotyledons. The per cent var ia t ion worked out in t h i s 
regard has revealed that i t var ies from 4.091 to 38.417% among the 
t rea ted progenies compared to control . The maximum var ia t ion has 
been recorded under 125 krad treatment and t h i s was followed by a 
25 krad treatment, while the minimum has been found in 50 krad 
treatment (Table-11). A similar dry weight analysis in r e l a t ion 
to cotyledonary area has shown that under a l l treatments there has 
2 been a decrease in the dry mass content per cm area of cotyledon. 
The maximum var ia t ion has been found under 75 krad t reatments . 
This has been found to be followed by 25 krad, 125 krad, 100 krad, 
150 krad and 50 krad treatments. The water content of cotyledons 
2 per cm area also has shown that the control contains more water 
than the t rea ted ones. In t h i s connection, the highest percentage 
of var ia t ion has been found in 125 krad treatment . This was found 
to be followed by 25, I5O, 100, 75 and 5O krad treatment. 
The water content of cotyledons has also been analysed on 
weight basis per gm of fresh mater ia l . This analysis has shown 
tha t the t rea ted materials have lesser water content than, the 
control under a l l treatments excepting 75 krad in which there i s a 
s l igh t r i s e to an extent of 1.084% over that of control (Table-12). 
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Table - 11 Fresh weight , dry weight and water content per 
u n i t a r ea of 30 day old co ty ledons of M^  genera t ion 
of L, u s i t a t i s s imum L, v a r . Mukta under d i f f e r e n t 
gamma-ray doses . 
Doses in 
Krad Fresh 
Weight in g per cm 
Dry Water content 
M 0,0542 0.0050 0.0491 
Control 
25 
50 
75 
100 
125 
150 
PV 
M 
P? 
PV 
M 
PV 
M 
PV 
M 
PV 
M 
PV 
M 
PV 
-
0.0376 
-30 .52 
0.0520 
-4 .09 
0.0462 
-14.64 
0.0447 
-17 .55 
0.0333 
-38.41 
0.0435 
-19.69 
= Mean 
= Percent 
-
0.0041 
-18 .45 
0.0048 
-3 .17 
0.0038 
-23.69 
0,0043 
-13 .13 
0.0042 
-16.19 
0,0045 
-10 .15 
v a r i a t i o n 
-
0.0335 
-31.76 
0,0471 
-4 .18 
0.0424 
-13.72 
0.0403 
-18,01 
0.0291 
-40.69 
0,0391 
-20 .45 
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Table - 12 Water and dry matter content of 50 day old 
cotyledons of M, generation of L, usitatissimum 
1. var , Mukta under different gamma-ray doses in 
terms of fresh weight. 
Doses in 
Krad 
Control 
25 
50 
75 
100 
125 
150 
Water c o n t e n t / g 
0.9070 
0.8909 
0,9061 
0.9168 
0.9020 
0.8755 
0.8960 
PV 
-
- U 7 7 
-0 .09 
+1.08 
-0 .55 
-5 .69 
-1 .21 
Dry mat ter 
c o n t e n t / g 
0.0929 
0,1091 
0.0958 
0.0851 
0.0979 
0.1265 
0,1040 
PV 
-
+17.56 
+ 0.95 
-10.58 
+ 5.57 
+56.08 
+11.87 
PV = Percent var ia t ion 
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The dry matter content per gm of fresh cotyledons, on 
the other hand, has shown that in a l l the t rea ted progenies 
except 75 krad i t i s higher than con t ro l . In t h i s connection 
125 krad treatment showed the highest var ia t ion which has been 
recorded to be 36.08?^ (Table-12). The 25 krad treatment has also 
shown a fa i r ly high percentage of var ia t ion over that of control 
i . e . 17.362^, The minimum var ia t ion has been recorded in the 
progeny which has been raised under 50 krad treatment (Table-12). 
Figure-7 shows that cotyledonary area of the different 
progenies under different t reatments . I t i s clear from the figure 
that in M, generation the area of cotyledon i s consis tent ly larger 
than in the other two generations under a l l t reatments, except 
in the two high in tens i ty doses of 125 and I50 krad treatments, in 
which the cotyledons of M generation have shown a greater area 
than in M^  and M- generations, 
Figure-8 shows the fresh and dry weight of cotyledons on 
a comparative basis in the different generat ions. The fresh 
weight had shown a decreasing trend from the f i r s t t o th i rd gene-
ra t ion except in 5O krad treatment in which the th i rd generation 
has recorded a higher var ia t ion than the f i r s t and second. 
Similarly the dry weight of cotyledons also followed the same 
trend as that of the fresh weight with the exception of 50 krad 
treatment. 
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2 Pigure-9 shows the dry matter d i s t r ibu t ion per cm area 
of cotyledonary leaf in the different generat ions. Here also 
M- generation recorded a higher value than in Mg and M_ genera-
t i o n s , under a l l treatments excepting that, of 150 krad in which 
the th i rd generation showed the highest value compared to the 
other two generations. The figure-9 also shows the water content 
of cotyledons per unit area. The trend goes almost similar to 
2 
that of dry matter of cotyledonary leiiif per cm area. Here a lso 
in 50 krad treatment in H, generation shows the higher water 
content than M- and M^  generation. 
Figure-10 shows the water content of cotyledons per gm of 
fresh weight. The Mp generation showed a h i ^ e r water content 
than the M^  and K, generations under a l l treatments including of 
con t ro l , while the dry matter content of cotyledons per gm of 
fresh leaf show just a reverse trend. The M- generation showed 
the lowest dry matter content per gm of cotyledonary leaf compared 
to that of other two generat ions. In M^  generation 25» 50 and 
125 krad treatment the dry matter content was found to be l e s s 
compared to that of M_ generations,while under 75, 100 and I50 
krad treatments the amount of dry matter content was found to be 
higher than the other two generat ions. Under 25 and 125 krad 
treatments a highest value for dry matter was found to be in M_ 
3 
generation while in the res t of the cases the highest amount was 
found to be in M^  generation. 
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Root elongation: 
The r a t e of root elongation was studied at for tnight ly 
i n t e rva l s throughout the experimental period of 120 days. 
In M^  generation the roots of untreated plants showed 
be t t e r growth at a l l s tages . The t reated plants on the other hand, 
showed s igni f icant ly shorter root length compared to that of control 
at a l l l eve l s of the i r growth, except the 25 krad treatment in 
which the root length did not show any s i ^ i i f i c an t difference with 
tha t of control at i t s 30 day old s t s^e . Table-13 shows the root 
length of p lants at different stages of t he i r growth. I t i s c lear 
from the data obtained that there i s a gradual f a l l in root length 
under different treatments depending on the in tens i ty of doses at 
a l l l eve l s of observations, Figure-11 indica tes the r a t e of elon-
gation of root under different t reatments . The progenies of a l l 
the treatments have shown, in the f i r s t I5 days higher r a t e of 
growth than the i r subsequent s tages . The root growth in 5O krad 
treatment, on the otherhand, showed a r i s e at the th i rd stage 
before i t f e l l at the fourth, while the progenies of 100 ahd I5O 
krad t rea tmoi ts followed a continuous f a l l from the f i r s t t o the 
l a s t stage of growth analysed. 
The root length of the different progenies of the t rea ted 
seeds was compared with that of cont ro l . The per cent var ia t ion 
showed a general increasing trend with the increasing in tens i ty of 
ioniz ing radiat ion involved in the treatment (Figure-12), I 
47 
Table - 13 Root length (cm) in M^  generation of 
L, usitatissimum L. var« Mukta under 
different gamma-ray doses at successive 
stages of growth. 
Doses 
in — 
Krad 
Control 
25 
50 
75 
100 
125 
150 
L.S .D. 
a t 
5^ l e v e l 
Root 
Weeks 
2 
5.50 
+0.5929 
5,50» 
+0,447 
3,50* 
+0,707 
3 .0* 
+0,916 
2 .83* 
+0,919 
2,66* 
+0.287 
2.60* 
+0,20 
1.2054 
l eng th in cm 
! a f t e r germination 
4 
7.000 
+0,883 
6.00 
+1.074 
4 .50* 
+0.632 
3.80* 
+0.624 
4 ,20* 
+0,748 
3.60* 
+0,734 
3.30* 
+0,632 
1.4075 
6 
7.832 
+1.414 
6 .33* 
+0.559 
6 .00* 
+0.547 
4 .20* 
+0.979 
4 .80* 
+1.029 
3 .83* 
+0.711 
3.60* 
+0.894 
1.2537 
8 
9.60 
+2.244 
7 .00* 
+0,400 
6.50* 
+1,00 
5.30* 
+0.374 
5.20* 
+0.244 
5.30* 
+1.326 
3.80* 
+0,244 
1,6804 
16 
10,133 
+ 1.961 
7 .066* 
+ 2,792 
6,833* 
+ 1 . 9 6 3 
5 .50* 
+ 1.437 
5.40* 
i 1.344 
5.96* 
+ 1.497 
4.43* 
+ 1.009 
1.3650 
+ = standard deviation 
L.S.D.= Least s ignif icant difference 
* = Significant at 5% l e v e l . 
^ 
The coefficient of var ia t ion calculated t o estimate the 
var ia t ion within the progeny has shown tha t i t i s lower in control 
compared t o that of the t rea ted progenies. There i s an increasing 
trend in the value of CV with a increasing in tens i ty of dose* 
However, at the 3rd and 4th stages of growth the progenies of 25 
and 50 krad treatments showed lower value of CV than that of 
con t ro l . Further under a l l treatments the coefficient of v a r i a -
t ion within the population showed a consistent decrease with the 
growing age of p lan t s , with a s l igh t departure in cer ta in cases, 
especial ly under h i ^ doses# For ins tance, under I5O krad t r e a t -
ment the 2nd stage observation on the root length elcmgation had 
shown a lower value of CV than at the other stages of growth. 
Similarly 75 and 100 krad doses showed s l i gh t l y lower values of 
CV at t he i r 2nd stage and 125 krad at i t s 3rd stage of growth 
(Table-14). 
The ra te of root elongation has been studied in M^, 
generation at for tnight ly in te rva l s as in the case of M^  genera-
t ion , Table-15 summarises the r e s u l t s obtained. The comparison 
of root length of different t reated materials with that of control 
has revealed that at the 2 week stage a l l the t reated progenies 
showed a s ignif icant ly l e s se r r a t e of root elongation except that 
of 75 krad treatment in which the root length measured coiiq?arable 
to that of cont ro l . In 30 day old seedlings root length of Mp 
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Table - U Coefficient of var ia t ion for root length of M^  
generation of L, usitatissimum L, var , Mukta under 
Doses 
m 
Krad 
Control 
25 
50 
75 
100 
125 
150 
d i f f e r e n t 
2 
10.78 
12.77 
20.20 
30.55 
32.47 
30.78 
26.96 
gamma--ray 
Weeks 
4 
12. 
17. 
14. 
16< 
17. 
20, 
19. 
,61 
• 9 
• O 4 
.42 
.80 
.38 
.15 
dos 
a f t 
e s . 
er germination 
6 
18.05 
8.83 
9,11 
23.3 
21.43 
18.56 
24.83 
8 
6.42 
5.714 
4.69 
7.05 
15.38 
25.01 
23.37 
19, 
39, 
28, 
26, 
24. 
25. 
16 
.35 
.51 
.72 
.12 
.88 
.11 
22.78 
generation showed a s igni f icant difference under 5O, 75» 100 and 
150 krad treatments, while the progenies of 25 and 125 t rad 
treatments did not show any sigjiificant va r ia t ion in root length 
with that of control , A s imilar comparison of root length in the 
subsequent in te rva l s of observation has revealed that i t did not 
vary t o a s ignif icant leve l in any of the treatments compared to 
con t ro l . 
Figure-11 indicates the r a t e of root growth under different 
treatments at different stages of growth. I t i s worth not ing that 
as in the f i r s t generation the second generation seedling also 
showed a high r a t e of growth during the f i r s t I5 days of t he i r 
l i f e under a l l t reatments, including that of con t ro l . The r a t e 
of root growth, in general , has shown a considerable f a l l during 
the second s tage. The th i rd stage readings again had shown that 
r a t e of growth has increased under a l l t reatments , while in 
control i t decreased to some extent . During the fourth stage 
observation, a further increase in the r a t e of root elongation has 
been observed in the f i r s t three treatments involving 25, 50 and 
75 Icrad doses. The high in tens i ty doses l i k e 100, 125 and I5O 
krad showed considerable decrease in elongation r a t e at t h i s stage 
while the control showed a s l i ^ t recovery from i t s previous 
s tage . 
5i 
Table - 15 Root length (cm) in M^  generation of L. usitatissinmrn 
L. var . Mukta under different gamma-ray. doses at 
successive stages of growth. 
Doses 
in 
Krad 
Contro l 
25 
50 
75 
100 
125 
150 
L.S.D. 
a t 
% l e v e l 
2 
6,66 
+1.456 
5.53 
+0.321 
5.33* 
+0.524 
6.06 
+0.991 
4 .50* 
+0.632 
5.97-
+0.878 
5.46 
+0.454 
1.2603 
Root l eng th 
Weeks 
4 
7.26 
+1.04 
6.83 
+O.8O3 
5.83* 
+0.667 
6.83 
+0.667 
5.10* 
+0.489 
6.66 
+0.531 
5.96* 
^ +0.665 
0.90317 
a f t e r ger 
6 
7.80 
+1.264 
7 .0 
+0.7071 
6.83 
+1.282 
7.16 
+1,980 
7.50 
+1.264 
9.10 
+1.20 
8.00 
+0.583 
1.4776 
in cm. 
•ffiination 
8 
8,4 
+2.353 
10.20* 
+ 1.029 
9.30 
+ 1.077 
10.25* 
+ 0.447 
9.30 
+ 0.509 
9.65* 
+ 1.854 
8.60 
+ 1.414 
1.1955 
16 
10,033 
+ 1.961 
10.23 
+ 3.497 
9.60 
+ 2.949 
10.3 
+ 2,854 
9.60 
+ 2.228 
9.93 
+ 2.198 
8,83 
+ 2,181 
1*5416 
+ = standard deviation 
L.S.D.= l eas t s ignif icant difference 
* = Significant at 5^ l e v e l . 
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Table -16 Coefficient of var ia t ion for root length of Vu 
generation of L, usitatissimum L. var , Mukta 
under different gamma-ray doses. 
Doses 
in 
Krad 
Weeks af ter germination 
8 16 
Control 
25 
50 
75 
100 
125 
150 
21.87 
5.8O4 
9.83 
16.38 
14.05 
14.71 
8.29 
14.32 
11.76 
11.44 
9.77 
9.6O5 
7.97 
11.15 
16.21 
10.10 
18.78 
27.66 
16.87 
13.18 
7.28 
28.01 
10.09 
11.58 
4.36 
5.47 
19.21 
19.21 
19.54 
34.19 
30.72 
27.71 
23.21 
22.14 
24.71 
5o 
Analysis of coefficient of var ia t ion in the population of 
t rea ted progenies as well as of control has revealed that the 
t rea ted progenies are more s tab le than the control at a l l stages 
of t h e i r growth expression, with minor deviation in some cases . 
The progenies of 50, 75 and 100 krad treatments showed deviation 
from the general t rend, in having s l igh t ly higher CV than that 
of control at the 5rd stage growth expression (Table-16)» 
Table-17 shows the root length of M_ progenies of the 
different treatments and control at different stages of growth. 
Root length did not show any s ignif icant var ia t ion between control 
and t reated progenies at a l l levels of observation except in two 
cases of 75 krad and 100 krad treatments in which the difference 
being s ignif icant at the 4th and 2nd stages respec t ive ly . 
The ra te of growth of root length under different t r e a t -
ments has been shown in Figure-11. Like the f i r s t two generations, 
M_ generation also recorded high r a t e of root elongation in the 
f i r s t 15 days, l&ider high in tens i ty doses, the r a t e of root 
elongation showed a continuous f a l l with the growing age of p lan ts 
except at the 4th stage in which progenies of 100 and 125 krad 
treatments showed a s l ight increase . The progenies of 50 krad 
treatment showed a s imi la r i ty with that of control in the i r root 
length behaviour in having a poor r a t e of root length in the 2nd 
5 
stage followed by a be t te r growth in 3rcl stage which was in^urn 
followed by a f a l l . The 25 krad treatment showed a separate 
trend in having a gradual f a l l followed by a r i s e at i t s l a s t 
stage of growth. 
The per cent var ia t ion analysis of root length between the 
control and the t reated progenies has shown the var ia t ion i s not 
high in the 3rd generation (Figure-12), 
Analysis of variance at the population leve l of different 
treatments have shown that during the f i r s t s tage of growth, the 
progenies of 50 and 125 Icrad treatments recorded higher value of 
CV while the res t exhibited lower values (Table-18), During the 
2nd s tage , a l l the t reated progenies except tha t of 125 krad showed 
a lower CV value. During the 3rd stage a l l the t reated progenies 
recorded a lower value compared to cont ro l , while during the 4th 
stage a l l the t reated progenies had a higher value of CV con?)ared 
to cont ro l , the h i ^ e s t being in 25 krad treatments (Table-18), 
The graphs in Figure-11 s t r ikes a con^jarison of the r a t e of 
root elongation at different growth in t e rva l s of a l l the three 
generat ions. I t becomes clear from the figure that the seedlings 
grow fas ter in the f i r s t 15 days in a l l the three generat ions, the 
M^  being the slowest and H, being the fas tes t in a l l the three 
generat ions. This fast r a t e of growth in the root elongation i s 
subsequently followed by a sharp f a l l in the next 15 d^ys. In the 
55 
Table - 17 Root length (cm) in M_ generation of 
L, usitatissimum L. var . Mukta under different 
Doses 
in 
Krad 
Contro l 
25 
50 
75 
100 
125 
150 
L.S.D. 
at 
3% l e v e l 
gamma-
2 
6.16 
+0.891 
6.83 
+0.694 
5.50 
+1.183 
5.30 
+0.509 
7.30 
+1.077 
5.4 
+1.240 
5.65 
+1.052 
1.3179 
-ray doses a t success ive s t a g e s 
Root l eng th 
Weeks a f t e r gen 
4 
7 .0 
+1.218 
7.60 
+1.116 
6.43 
+0.974 
6.30-
+0.400 
8.40* 
+0.489 
6.16 
+1.201 
7 .5 
+1.125 
1.3879 
6 
8.83 
+2.280 
8.25 
+0,707 
7 .66 
+0.991 
6.95 
+1.037 
8 .95 
+0.663 
7.33 
+0.524 
8.13 
+1.523 
2.0299 
in cm. 
I er a t ion 
8 
9.25 
+0.444 
9.27 
+2.559 
8.50 
+0,447 
7 .00* 
+1.025 
9 .75 
+1.183 
9.0 
+0.894 
9.36 
+0.995 
1.0728 
of growth. 
16 
10.03 
+ 1.961 
9.36 
+ 3.045 
8.93 
+ 2.370 
8.56 
+ 2.691 
10.76 
+1.941 
9.46 
+ 1.677 
10.53 
+ 1.529 
1.5634 
+ = standard deviation 
L.S.D. = Least s ignif icant difference 
* = Significant at 3% l eve l . 
5S 
Table - 18 Coefficient of var ia t ion for root length of 
M~ generation of L« usitatissimum L« var . 
Mukta under different gamma-ray doses 
Doses 
in 
Krad 
Weeks af ter germination 
8 16 
ontrol 
25 
50 
75 
100 
125 
150 
14.46 
10,16 
21.50 
9.60 
14.75 
22.96 
18.61 
17.40 
14.56 
15.17 
6.34 
5.82 
19.49 
15.0 
25.82 
8.56 
12.93 
14.92 
7.40 
7.14 
18.71 
4.79 
27.50 
5.25 
14.64 
12.13 
9.93 
10.63 
19.55 
32.54 
26.54 
31.44 
18.04 
22.46 
20.30 
57 
th i rd 15 days of growth the roots recorded a further but steady 
f a l l in t he i r r a t e of root elongation. However, under 50 krad 
treatment the sharp f a l l of second 15 days i s followed by a 
teinporary r i s e in the next 15 days in a l l the three generat ions, 
and, t h i s , inturn i s followed by a decrease in M^  and Mg genera-
t i ons but in M„ generation the r a t e of growth followed a further 
r i s e . Itoder 75 krad treatment the M^  and M generations showed a 
higher r a t e of root elongation at the fourth stage of observationt 
while the M, generation showed a reduced r a t e , ttader 100 krad 
treatment, the behaviour of root growth differed in different 
generat ions. In M^  generation the root elongation followed a 
continuous f a l l from second to the l a s t s tage . The second genera-
t ion recorded a r i s e at the th i rd stage to follow a s l igh t decrease 
a t the fourth. The th i rd generation on the other hand showed the 
highest r a t e of growth in the f i r s t 15 days and t h i s was followed 
by a decline in root elongation upto th i rd stage and ult imately i t 
recorded a s l igh t increase at the fourth stage coii5)ared t o f i r s t 
generation. The behaviour of I50 krad progeny followed a more or 
l e s s similar pat tern as that of 100 krad treatment in the different 
generations (Figure-11F), Iftider 125 krad treatment M. gaierat ion 
followed a pat tern of 75 krad treatment, the Mp generation followed 
a pat tern compared t o that of I5O krad treatment, while the M_ 
5 
generation followed its own course to record an initial steep rise 
followed by a sharp fall which was again followed by a rise. 
u 
In general the pattern of growth of the different 
generations imder all treatments followed certain general course 
that is, to say in the first I5 days the rate of growth showed 
an increasing order with the order of generation and the rate of 
fall in the second 15 days also followed a similar order with 
the order of generation, the slowest being the first. 
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Shoot elongationt 
M^  generat ion:- The shoot growth has been studied at 
d i f f e r e i t s tages of growth at weekly i n t e rva l s having 20 
individuals serving as r ep l i ca t e for each treatment including 
con t ro l . Table-19 summarises the r e su l t s obtained in the presa i t 
inves t iga t ion . In one week old seedlings, the height of plant i s 
s igni f icant ly short in a l l the t reated progenies except that of 
25 krad treatment in which the seedling height has fal len s l i ^ t l y 
short compared to control , but not being s t a t i s t i c a l l y s igni f icant 
at 5 per cent l e v e l . In the two week old seedl ings, a siniilar 
comparison of seedling height has revealed that the trend follows 
the same course as in the one week old seedlings* In the three 
week old seedlings, the p lants of 25 krad treatments s l igh t ly 
surpassed the h e i ^ t of control p l an t s . But s t a t i s t i c a l analysis 
has shown that the difference i s not s i gn i f i c a i t at 5 per cent 
l e v e l . At t h i s s tage, the progenies of 50 krad treatment also 
showed an almost equal shoot height to that of cont ro l . However 
the seedlings under other treatments s igni f icant ly differed in 
t he i r height compared t o that of cont ro l . Comparison of shoot 
length in four week old seedlings has revealed that the mean shoot 
length i s shorter under a l l t reatmoits compared to control except-
ing in the case of 25 krad treatment. 
i:i 611 
The five week old plants have shown that the mean shoot 
length to be shorter than that of control under a l l t rea tmai t s 
with out any exception* The same trend of r e s u l t s has al.so been 
obtained in six week old p l an t s . However in 7 and 8 week old 
p l an t s , the shoot ax i s , on comparison, has shown that the p lants 
of 25 krad treatment do not differ in t h e i r mean shoot length 
with that of cont ro l . In 8 week old s tage , the progenies of 50 
krad treatment have shown ahinsignif icant leve l of differoace in 
shoot height with that of cont ro l . In r e s t of the t reatments , 
the shoot length average differed s igni f icant ly at 5 per cent 
l eve l compared to cont ro l . 
The growth analysis with regard to shoot height under the 
influence of different l eve ls of ionizing rad ia t ions in the form 
of gamma-ray treatment has shown that the shoot length average 
depends on the in tens i ty of the doses in a given growth s tage . 
In general the p lants raised out of seeds t rea ted with gamma-rays 
showed a d i rec t re la t ionship with the in tens i ty of radiat ion in 
a l l t reatments . The higher i s the i n t ens i t y , higher happens to be 
i t s effect on shoot growth and, therefore , the shorter i s the 
length average of the progeny, Tliis trend of suppressing ac t iv i ty 
of ionizing rad ia t ions has been consistent ly displayed by the 
p lan ts under different treatments a t a l l s tages of growth i n v e s t i -
gated, with minor f luctuat ions of ins igni f icant nature occurring 
here and there (Table-19). 
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The r a t e of shoot elongation has been studied at weekly 
in te rva l s having 20 individuals under each treatment serving as 
r e p l i c a t e s . The ra te of shoot elongation of the p lants under 
di f ferent treatments has been compared with tha t of cont ro l . The 
r e s u l t s obtained in t h i s connection have been depicted in 
Figure-13A-F. I t becomes clear from the Figure (15A) that the 
behaviour of shoot growth with respect to r a t e of shoot axis 
elongation follows more or l e s s the same trend in the p lants of 
25 krad and control . The comparison of growth behaviour of control 
with that of 50 icrad progency shows that the l a t t e r af ter having 
a s l igh t ly higher ra te at i t s 5 week stage, exhibited a cons i s ten t -
ly l e s se r r a t e of growth compared to control upto 7th week but at 
the 8th week stage, the t reated plant maintained t h e i r steady 
growth r a t e while the control comes down to zero level to reach i t s 
reproductive phase (Figure-13B). 
In the res t of the treatments the r a t e of shoot elongation 
followed the same trend in having a slow ra t e of growth con^Jared 
to control in a proportion corresponding to that of in tens i ty of 
dose. In the two highest doses the r a t e of shoot elongation never 
came up to the level of control in any of the observation period 
(Figure-13E and F ) . 
The comparison of shoot height of the various t reated 
progenies in M. generation with that of control has revealed that 
Table - 20 Coefficient of var ia t ion for shoot length of M^  
generation of L, usitatissimum L, var . Mukta 
under different gamma-ray doses. 
Doses Weeks af ter germination 
in 
Krad 1 2 3 4 5 6 7 8 1 6 
Control 6,13 10.95 8.56 1.53 3.65 2.51 2.62 2.62 5.23 
25 7,11 7.58 5.87 10.23 7.69 5.62 3.73 3.73 15.20 
50 8,68 9.34 2.65 8.69 4.53 7.03 3.77 2.66 11.07 
75 8.62 19.71 10.48 8.82 5.49 3.63 8.33 12.48 16.49 
100 15.69 19.79 8.92 8.24 9.66 13.48 6.17 5.10 16.96 
125 16.00 14.27 25.05 13.06 6.21 I9.I8 9.76 8.O9 12,81 
150 13.04 14.31 9.37 16.34 14.68 22.84 18.81 17.67 18,20 
0^ 
they show lesse r height under a l l treatments than the control 
p lan ts except the 25 Icrad treatment in which the 3 week old seed-
l i ngs surpass in height over control to a very marginal extent of 
0,97 per cent (not s ignif icant s t a t i s t i c a l l y at 5 per cent leve l 
Table-19), In general per cent var ia t ion in shoot length followed 
a l inea r trend with that of the in tens i ty of doses involved in the 
t rea tmoi t . The widest var ia t ion being shown by the highest in ten-
s i ty dose of 150 krsid treatment ( P i g u r e - U ) . 
The analysis of coefficient of var ia t ion in regarded to 
t h i s parameter has shown that the CV value happens to be consistent-
ly higher in a l l the t reated progenies at a l l s tages of growth 
compared to that of control excepting in two cases of 25 and 50 
krad treatmoats in which at the 2nd and 5rd week stage a l esse r 
value of CV has been obtained compared to cont ro l . The h i ^ value 
of CV in the t reated progaiies indica tes that the ionizing r ad i a -
t ions employed in the treatments have induced va r i a t ions in regard 
to the t r a i t s tudied. In general the degree of var ia t ion to-be''»-* 
higher in high doses than in the lower ones. Further as the time 
passes the CV value tends to go down in a given treatment, but 
with minor f luctuat ions here and there (Table-20). 
Mg generation J- The shoot growth in M generation has 
also been studied at weekly in te rva l s t i l l the p lants entered the i r 
reproductive phase, and l a t e r at the time of harves t , the height 
of the plants was recorded as f inal reading. 
In one week old seedling the shoot height in M generation 
has been noted not to differ from one another i r respec t ive of the 
treatment, the progenies had undergone in t h e i r 1st generation 
excepting the highest dose of 150 krad in which the seedlings bad 
shown a s ignif icant ly high shoot length compared t o cont ro l . The 
shoot length in two week old seedling recorded a s ignif icant 
decrease in shoot length in almost a l l the treatments with the 
exception of 100 and 150 krad treatments in which the stem height 
did not show any s ign i f i ca i t difference with that of cont ro l . 
In five week old plants with the exception of 25 krad treatment 
a l l the other treatments showed a shorter stem axis compared to 
con t ro l . In s ix and seven week old p lants a l so , the length of 
shoot axis remained shorter in a l l the treatments than that of 
con t ro l , i r respec t ive of the strength of radia t ion dose (Table-21). 
At the 8th week the growth stopped and the p lants entered the 
reproductive phase. 
The r a t e of shoot elongation at weekly in t e rva l s in the 
dif ferent treatments and control has shown that the r a t e of growth 
of the shoot axis var ies at different stages of i t s growth of age 
of the plant in control as well as in the t rea ted progenies. 
During the 1st week of i t s l i f e the seedling grow slowly in a l l 
cases including the cont ro l . During t h i s period the length of 
shoot axis remain more or l e s s the same in control and in the 
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t rea ted progenies with the exception of I50 krad treatment in 
which the shoot growth surpassed a l l others . During the 2nd 
week a l l the t reated progenies and the control showed a higher 
r a t e of shoot elongation. During the 3rd week a f a l l in the 
r a t e of growth of the shoot axis has been recorded in a l l the 
t rea ted progenies excepting that of 75 icrad and cont ro l . During 
the 4th week the f a l l i ng r a t e in shoot elongation continued in 
a l l cases including tha t of control and 75 i^rad treatment. 
However in 5th week and in the subsequent weeks t i l l the p lants 
entered the reproductive phase, the r a t e of shoot elongation has 
been found to be high (Figure-13). 
The var ia t ion of shoot height caused by the treatment has 
been analysed in the different treatments compared to that of 
con t ro l . I t has been found that during the 1st week a l l the 
t rea ted progenies excepting that of the f i r s t two doses recorded 
a higher shoot length compared to control but in the subsequent 
stages the control plant surpassed in stem height and a l l the 
t rea ted progenies. Figure-l4 shows the per cent var ia t ion in the 
differoat t reated progenies at harvesting s tage , 
Table-22 shows that the r e s u l t s of analysis of variance 
within the population of 2nd generation ra ised under different 
treatments and untreated cont ro l . The CV value obtained on the 
bas i s of growth performance shows that i t i s in i t s close range. 
8 
Table - 22 Coefficient of var ia t ion for shoot length of M2 
generation of L. usitatissimum L. var . Mukta 
under different gamma-ray doses. 
Doses Weeks af ter germination 
in 
Krad 1 2 3 4 5 6 7 16 
Control 20.05 10,16 6.87 12.65 11.27 11.39 13.04 5.22 
25 21.63 10.79 7,13 15.21 12.03 11.95 9.92 13.22 
50 18.75 18.38 12.56 9.57 28.88 7.58 6.17 8.71 
75 18.06 12.65 13.21 18.17 12.07 13.73 13.96 13.30 
100 16,60 9.46 14.68 15.01 15.49 19.04 17.50 12.19 
125 19.88 28.61 17.66 15.29 26.00 21.69 17.61 12.79 
150 20.98 13.41 16.28 19.35 27.82 35.41 18,69 12,57 
69 
However during the 2nd week the var ia t ion range became a l i t t l e 
high under 50 krad and 125 krad treatments compared t o that of 
con t ro l . In the subsequent stages the t rea ted progsicy showed 
a higher CV value compared to control with minor f luctuat ions 
here and there . 
M_ generation: The growth analysis in terms of shoot 
axis elongation has been studied in the M_ gmera t ion . I t has 
been found that the height of seedlings af ter a week's growth did 
not show any considerable var ia t ion in the different; t rea ted and 
untreated con t ro l . After two weeks growth, the seedlings of 100 
krad, 125 krad and 150 krad treatments showed l e s s amount of growth 
compared to that of cont ro l . In three weeks old seedlings the 
shoot height of a l l the t reated plants remained shorter to that of 
cont ro l . During the 4th and 5th weeks performance, the t rea ted 
progenies lagged behind control excepting 25 krad treatment in 
which no s ignif icant difference has been observed in shoot length . 
In 6 week old p l an t s , the progenies of 25, 50 and 100 krad t r e a t -
ments have almost level led the i r height to that of control , while 
the p lants of 75, 125 and I50 krad treatments remained shorter 
than that of cont ro l . In the 7 week, excepting the two highest 
doses (125 and I5O krad), a l l the others have gone upto the rank of 
control in shoot height and in the 8th week a l l entered in the 
flowering stage (Table-23). 
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The growth r a t e analysis at weekly in t e rva l s has 
revealed that in the M_ generation, the seedling growth during 
the 1st week remained poor as in M. and M generat ions. The 
growth r a t e showed a steady increase during the next two weeks 
and decreased in the 4th week unifori&ily in a l l cases and again 
showed an increase in the following weeks t i l l i t entered the 
flowering stage in the 8th week (Figure-13)^ 
Variation percentage on growth performance of the M 
generation has been depicted in Figure-14« I t becomes obvious 
tha t the difference in the height of the plant remained closer 
to each other between the t rea ted and untreated control i nd i ca t -
ing the effect of ionizing rad ia t ions as minimised in the 3rd 
generation and the progenies have recovered almost to the fu l l 
extent . 
The analysis of coefficient of var ia t ion based on shoot 
performance data collected at weekly i n t e rva l s shows that the 
induced var ia t ion in the t reated progenies disappeared in the 3rd 
generation to give s t a b i l i t y t o the plants (Table-24). In a 
number of cases par t i cu la r ly of lower doses, the CV value has 
become lower to that of cont ro l , while in others the difference 
in CV value between the t rea ted and untreated control has a lso 
been noted to be qui te low giving support to the contention tha t 
the t rea ted progenies have recovered themselves from the damaging 
effect of ionizing radia t ions in the 3rd generat ion. 
/ • 
Table - 24 Coefficient of var ia t ion for shoot length of 
M-, generation of L, usitatissimum L, var . 
Mukta under different gamma-ray doses. 
Doses Weeks af ter germination 
in =— 
Krad 1 2 3 4 5 6 7 16 
Control 21.60 15.09 13.72 13.79 15.15 16.82 18.75 6.16 
25 17.37 12.91 10.75 9.26 14.38 15.52 5.50 10.27 
50 14.11 13.20 10.01 15.95 15.68 9.40 6.73 10.81 
75 12.04 11.83 12.49 13.58 13.15 11.92 3.43 7.94 
100 20.06 14.52 15.01 15.75 11.22 18.07 12.95 6.30 
125 22.94 12.17 22.60 18.80 18.37 26.60 13.83 12.25 
150 18.32 12.10 15.50 I5.8O 16.23 20.3I 10.56 11.93 
it) 
Figure-15 indicates the r a t e of shoot growth in a l l the 
three generations t i l l the p lan ts entered the flowering s tage 
( P l a t e - I ) , Under 25 Icrad treatment (13A) the M^  generation 
experienced a short decline instead of growth on the 4th week 
and reached i t s peak in 7th week. The M^  and M_ generation 
behaved more or l e s s in similar manner with the difference of 3rd 
generation having peak growth in the 6th week. Iftider 50 krad 
treatment the M^  plants a t t a in t he i r peak on the 8th week 
(Figure-13B), while M- and M_ plants had t h e i r growth peak in 7th 
week. The other treatments also showed a similar trend 
(Pigure-13C,E,P) regarding the peak growth attainment as described 
under 50 krad treatment except 100 krad treatment in which a l l the 
three generations at tained a peak in the 7th week (Figure-13D), 
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Branching 
M- generat ion:- The time of branching and number of 
branches a r i s ing in the different individuals were noted at 
weekly in te rva l s in the present study. The branching was noted 
to occur in 2nd week after sowing, in control as well as in 25t 
50 and 75 krad t reatments . In 3rd week, in addition to the above, 
the progenies of 100 and 125 krad treatments showed branching. 
I t was in the 5th week, branching was noted to occur in I5O krad 
treatment. In control and 25 krad treatment, branching ceased 
by 6th week while in the other treatments i t continued upto 8th 
week (Table-25). 
The mean number of branches per plant in the t reated 
individuals remained always low compared to cont ro l , at a l l stages 
of growth, excepting in a single case of 25 krad treatment in 
which the number of branches developed by 3rd and 4th week showed 
no s ignif icant difference with that of control (Table-25). 
The per cent var ia t ion of t h i s parameter showed a higher 
degree of var ia t ion in the t rea ted progenies compared to cont ro l . 
Figure-15 depicts the per cent var ia t ion in the t reated progenies 
at harvesting s tage . The var ia t ion percentage happens to be h i ^ 
at higher doses as compared to that of lower ones. 
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Table - 26 Coefficient of var ia t ion for branch number of M^  
generation of L, usitatissimum L. var . Mukta under 
different gamma-ray doses. 
Doses Weeks after germination 
i n 
Krad 1 2 3 4 5 6 7 8 16 
Control - 42.00 30.58 33.13 42.40 30,85 30.85 30.85 32.25 
25 - 61.44 20.71 32.51 40.33 38.21 38.21 38.21 40.96 
50 - 75.69 44.27 51.02 27.38 27.38 14.08 31.85 33.63 
75 - - 58.96 65.32 67,25 69.10 78.05 35.77 45.19 
100 - - 53.2 75.70 66.02 71.66 90.42 57.27 61.82 
125 - - 53.2 75.70 66.02 77.66 90.42 57.27 61.82 
150 - - _ . 76,53 76,53 98.66 65.42 67.45 
i i 
The analysis of coefficient of var ia t ion also revealed 
quite a high degree of var ia t ion within the t rea ted populations, 
the maximum reaching 98,66 per cent in the 7th week in I50 krad 
treatment* In the 7th week 100 and 125 krad treatments also 
showed peak values of CV (Table-26). 
Mp generat ion:- Table-27 shows the branching in M 
generation. In the 2nd week a l l the progenies, including cont ro l , 
have been noted to bear branches almost in equal number. In the 
3rd week 75 and I50 krad treatments produced s igni f icant ly l ess 
number of branches compared t o that of cont ro l , but in the 4th 
week, a l l the t reated progenies have been noted to bear l e s s 
number of branches than that of con t ro l . Similarly in 5th and 6th 
weeks also the number of branches differed s igni f icant ly in the 
t rea ted progenies corngsred to control but not in the case of 25 
krad treatment. By 7th week the plants developed the i r maximum 
number of branches and therefore no further branches wfte-noted in 
the 8th week. At the f ina l s tage, only 50, 75 and 125 krad 
treatments lagged behind in the number of branches con^ared to 
control to a s ignif icant l eve l , while others produced a l l most 
equal number of branches to that of cont ro l , Pigure-15 shows the 
per cent var ia t ion in the number of branches in the different 
progenies compared to control at harvesting s tage. 
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Table - 28 Coefficient of var ia t ion for branch number of 
Mp generation of L« usitatissimum L, var Mukt 
under different gamma-ray doses. 
^?^®^ Weeks after germination 
Krad ~ T 2 3 4 5 6 7 8 
Control - 33.33 20,71 19.3 35.25 30.69 27.76 28.56 
25 - 19.65 20.71 33.68 57.61 27.60 36.0 40.32 
50 - 50,0 22.10 27.27 24.0 35.6 33.33 35.93 
75 - 53.73 19.29 33.33 46.77 26.71 32.51 34.38 
100 - 39.57 38.56 47.31 33.67 35.68 33.18 40.92 
125 - 33.33 22,89 27.27 52.50 40,08 31.90 33.12 
150 - 33.33 25.72 33.95 68.95 61.06 36.35 38.63 
89 
Table-28 gives that the value of coefficient of var ia t ion 
in the different t reated progenies of 2nd generation. The maximum 
var ia t ion has been recorded in case of I5O Icrad treatment in 5th 
week, 
M generat ion:- The number of branches per plant 
_2 
recorded for the 3rd generation showed that the branching s t a r t s 
in the 2nd week af ter sowing as in the case of other generations. 
A s igni f icant ly low number of branches has been recorded in case 
of 25 krad, 100 krad and I5O krad treatments, con5)ared to con t ro l . 
In the 3rd to 7th week a l l the t reated individuals showed s i g n i f i -
cantly l e s s number of branches compared to control and thereaf ter 
no branching occurred (Table-29). 
Figure-15 i l l u s t r a t e s the per cent va r i a t ion . The highest 
per cent var ia t ion has been recorded in I5O krad treatment followed 
by 75 and 25 krad. Table-30 gives the value of CV for the d i f f e -
rent t reated progenies as well as of the cont ro l . Variation 
appears to be in narrow range in 3rd generation ind ica t ing that 
the radia t ion induced var ia t ion has almost disappeared in the 3rd 
generation. 
When the number of branches per plant of a l l the three 
generations were compared at the time of harvesting i t was noted 
that there i s some res idual effect of ionizing radia t ion in the 
subsequent generations of the t reated progenies, pa r t i cu la r ly of 
higher doses, in which the bad effect has been noted to occur even 
in the 3rd generation. 
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Table - 50 Coefficient of var ia t ion for branch number of 
M, generation of L. usitatissimum L. var . 
Mukta under different gamma-ray doses. 
Doses Weeks af ter germination 
in 
Krad 1 2 5 4 5 6 7 16 
Control - 20.12 32.73 29.86 38.25 25.73 31.66 28.27 
25 - 30.30 33.33 41.64 51.22 43.22 40.26 44.46 
50 - 39.57 15.78 39.13 22.24 39.22 26.94 28.85 
75 - 33.33 22.89 24.17 32.81 28.98 33.67 36.90 
100 - 23.16 22.89 32.71 36.84 27.78 38.16 41.08 
125 - 28.56 42.20 3O.65 27.64 42.45 32.24 36.24 
150 - 18.56 30.31 28.93 33.51 32.64 29.85 37.84 
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Length of Branch: 
M- generat ion:- The growth of l a t e r a l shoot has been 
studied at weekly in te rva l s s t a r t i n g from 2nd week t i l l harves t . 
I t has been found that the amount of l a t e r a l shoot elongation 
d i f f e r s under different treatments from that of control to a 
s ignif icant l eve l , except in a few cases in which no signif icant 
difference has been found to occur compared to the control 
(Table-31). In the progeny of 25 krad treatment, the l a t e r a l 
shoot length has been found not to d i f fer to a s ignif icant level 
from the control at a l l stages of growth except the 4th week 
s tage. The progeny of 5^ krad treatment showed ins igni f icant 
difference with the control jus t before and af ter flowering 
s tages . While the 75 krad treatment showed ins igni f icant d i f f e -
rence in the l a t e r a l shoot height with that of control at the 8th 
week stage just before flowering (Table-31). 
Figure-16 indicates the r a t e of l a t e r a l shoot elongation 
at weekly in te rva l s during the vegeta t ive phase of the progenies. 
The r a t e of l a t e r a l shoot elongation in control remained superior 
over the t reated ones in a l l cases with the exception of 25 krad 
treatment in which r a t e of l a t e r a l shoot elongation exceeded that 
of control in 5th, 6th and 7th week s tages . 
Pigure-17 gives the per cent var ia t ion under different 
treatments compared to cont ro l . Here the 25 krad treatment showed 
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Table - 32 Coefficient of var ia t ion for branch length of 
L» usitatissifflum L, var , Mukta under different 
gamma-ray doses. 
Doses 
in 
Krad 
Weeks af ter germination 
8 16 
Control 
25 
50 
75 
100 
125 
150 
12.34 33.27 19.75 17.30 19.83 11.73 11.73 10.80 
30.11 59.39 31.11 36.00 3O.52 41.89 56.94 58.2 
40.25 66.85 61.67 60.21 54.89 38.78 54.80 55.30 
42.98 6O.5O 78,45 69.14 61.27 70,95 47.63 60.5O 
84.91 65.13 56.00 41.81 52.22 86.49 65.80 
52.20 66.08 55.07 70.85 63.85 70.26 71.58 
36.58 67.36 72.99 73.14 72.75 
O P 
oil 
the l eas t var ia t ion in l a t e r a l shoot elongation. Under the 
other t reatments, per cent var ia t ion showed a high value as the 
in tens i ty of doses increased. The analysis of coefficient of 
var ia t ion regarding the l a t e r a l shoot growth has revealed that the 
GV value shows a higher percentage under high in tens i ty doses at 
a l l stages of growth. Under high in tens i ty doses l i ke 100, 125, 
and 150 krad treatments, the recorded CV value has gone upto 86, 
70 and 73 percent respect ive ly . At the f ina l stage a l so , a high 
value of CV has been recorded under high in tens i ty doses 
(Table-32), indica t ing that in M. generation the amount of v a r i a -
t ion i s quite high in the t reated progenies compared to cont ro l , 
Mp generat ion:- A similar comparison of l a t e r a l shoot 
growth in Mp generation has shown that there i s no s ignif icant 
difference, in the amount of growth of l a t e r a l branches at t he i r 
i n i t i a l stage except in one case (100 krad t rea tment) , 25 krad 
treatment did not show any var ia t ion in the r a t e of elongation of 
l a t e r a l branches at a l l stages of observation including the f ina l 
harvest s tage, 50 krad treatment showed s igni f icant ly l e s s amount 
of elongation of l a t e r a l branch in the 3rd, 5th, 6th and 7th week 
s tage , while 75 krad treatment at the 3rd, 4th, 6th and 7th week 
^ s tage, 100 krad treatment through out the vegetat ive phase. 
However the progeny of 100 krad treatment gets recovered from the 
87 
effect of ionizing radia t ion during the reproductive phase and 
the r a t e comes to the level flsf cont ro l , 125 krad treatment on 
the other hand, produced s ignif icant ly l e s s amount of l a t e r a l 
shoot growth throughout the vegetative phase excepting the 2nd 
and 4th week s tages, but not during the reproductive phase. In 
case of I5O krad treatment, i t has been found that the Mp gene-
ra t ion of t h i s treatment showed an o v e r a l l improvement in l a t e r a l 
shoot growth except the 3rd and 6th week stages (Table-33)« 
Figure-16 shows the r a t e of weekly increment of shoot length 
in l a t e r a l branches in Mp generation. At the i n i t i a l s tage, a l l 
the progenies followed more or l ess similar r a t e of l a t e r a l branch 
growth while in the 3rd to 6th week stage, the t reated plants 
showed a slow r a t e compared to cont ro l . At the close of vegetat ive 
phase, the t reated progenies showed a be t t e r ra te of growth in 
l a t e r a l branch elongation compared to cont ro l , i r respec t ive of the 
in tens i ty of doses, 
^1 Figure-17 i l l u s t r a t e s - t i i a ^ t h e per cent var ia t ion of the 
different t rea ted progenies compared to con t ro l . The per cent 
var ia t ion does not appear t o be considerable at the harvest ing 
s tage, indica t ing the recovery of the 2nd generation from the 
radia t ion effect involved in the treatment, Table-34 gives the 
value of coefficient of var ia t ion of 2nd generation under d i f f e -
rent t reatments . I t becomes clear from the data that the v a r i a -
t ion i s not wide between the t rea ted and untreated control in 
% 
> 
• 
i-q 
a 
0 
a 
•H 
M 
CQ 
•H 
+3 
OJ 
-p 
•H 
W 
3 
• 
H J 
^ O 
G 
O 
•H 
+3 
a 
u Q) 
0) 
a 
c 
*r-* 
rt 
•H 
a o 
^.^ 
rC 
Ci 
Co 
u X3 
«H 
o 
Xi 
+3 
bi 
G 
0 
CH 
O 
U2 
CD 
bO 
03 
-p 
W 
<D 
> 
•H 
to (Q (D 
O 
O 
3 
U} 
-p 
oi 
w 
0) 
w 
o 
rd 
^ 
^^ 
1 
* J ^ 
S 
cS 
bD 
4 J 
d 
0) 
u 
a> 
tH 
<M 
•H 
-^ 
M 
O 
-O 
d 
:s • 
_, - ^ CO 4 3 
+3 5 
; 4 o 
5 ^^  t-^ l S !«3 
t o 
t o 
Ctf 
a 
O 
c 
•H 
+3 
a> 
rH 
Xi 
o 
a 
U 
+3 
cd 
(0 
o 
© 
3: 
V£) 
VD 
LH 
t o 
CM 
0} 
« 
O 
P 
cnvo 
<MC\J 
* - -"id-
t - T -
+ 1 
CvJ 
r- CM 
•^LTi 
• • 
O O 
t o 
+ 1 
O VD 
tOCJ 
(Myo 
C—r-
+ 1 
—^ 
T- VD 
• • 
VOIA 
CM 
+ 1 
O C ^ 
i n CM 
OCX) 
f».r-» 
• 
CMin 
IT-00 
• • 
1 — LTv 
CM 
+ 1 
t o 00 
C-CM 
i n t o 
U 3 T -
+1 
• 00 
"^00 
00 t -
• « 
t - st-
CM 
+ 1 
m 
i n o 
c o o 
i n o 
i n c d 
+1 
* CM 
<-• t -" 
t~.V£) 
• « 
V- V£) 
CM 
+ 1 
i n« : f 
0 0 * -
"Ji-VD 
MDCM 
+ 1 
* C>^  
i ne r t 
t O r -
• • 
CM i n 
CM 
+ 1 
o 
Ch 
VO 
CM 
t o 
• 
i n 
C\J 
' i i -
''d-
r-
•<• 
+ 1 
->;*• 
CTi 
00 
• (y\ 
+ 1 
CM 
-<!i-
co 
i n 
r— 
t o 
• < ; ^ 
CO 
t o 
« 
VD 
0) 
o 
(1) 
CR 
tH 
•H 
T J 
+ 3 
00 
i n o 
t o o 
to en 
CM 
+1 
i n 
coc-
• • 
CM CM 
CMU3 
00 VD 
KDT-
+ 1 
t o 
ir-cr\ 
CMC--
in^ 
+ 1 
O T -
00 t -
CMCD 
+1 
CMCTi 
•^i-in 
CM 
+ 1 
int>-
CTiin 
• • 
T- t o 
+ 1 
coin 
O T -
VDCM 
+1 
t o 
inoo 
+« 
CM' 
tOt 
t o 
+1 
* 
tOU3 
OOO 
i n i n 
+ 1 
* 
o i n 
CM CM 
• • 
C~-tO 
+1 
00 
0 0 ^ 
CMCTi 
VDi 
+ 1 
* <y\ 
MDin 
mc7\ 
tOt 
+1 
t o 
00 T-
CMi 
+1 
* 
C0«;1-
+1 
o - i n 
O CM 
» • 
0-& 
+1 
i n t o 
moo 
^ C M 
+1 
* i n 
CM i n 
t O r -
+ 1 
00 i n 
CM' 
+1 
•stCM 
tnvD 
'" +1 
* 
i n i n 
en CO 
• • 
MDCM 
+ 1 
* • ^ 
i n o 
•<;hCM 
+1 
• to 
+1 
* CM 
T-CM 
oocn 
r - O 
+ 1 
O t o 
CM i n 
' " +1 
* CPi 
•<^CM 
i n CM 
+1 
tOt 
-hi 
CMi 
+1 
Ik 
CM 
CTi t o 
l > 00 
CM i n 
i n cr\ 
+ 1 
VD 
CM MD 
• • 
CTi VD 
+ 1 
00 t ^ 
VD -"d-
VD t o 
+ 1 
* - ^ * VO 
t O r - CM - ^ 
tocn -st- o 
t o CM 
+ 1 
cvi t o 
^ 0 0 m - ^ 
cTtc— in in 
CM 
+1 
o 
u 
-p 
c 
o 
o 
in CM o in in c- o o t ^ 
in 
v^J T— 
o in 
T— 
vo 
i n 
CM 
* 
t o 
i n 
o 
CM 
00 
CM 
t o 
VD 
VD 
00 
00 
cdiH 
CD 
• > 
• iH 
CO 
h^ t n 
§ 
•H 
+3 
cc5 
•H 
> 
0^ 
o 
•H 
<H 
•H g) 
• H 
W 
43 
M 
Ctf 
0 
Hi 
P 
^ 
> 
<D 
i n 
+3 
Tt O 
•H 
43 -H 
CO 03 
II II 
+1 * 
o 
0 
Table - 54 C,oefficient of var ia t ion for length of branch 
in Mp generation of L, usitatissimum L. var 
Mukta under different gamma-ray doses. 
Doses Weeks af ter germination 
in . ' 
Krad 1 2 5 4 5 6 7 16 
Control - 25.41 35.96 24.34 17.85 58.57 24.72 20.01 
25 - 55.46 59.95 55.46 29.87 22.47 21.49 22.50 
50 - 40.68 55.02 51.01 44.69 31.96 26.93 25.92 
75 - 55.81 62.66 62.39 42.20 64.50 19.17 20.21 
100 - 50,96 75.15 50.61 41.00 4O.7I 50.46 35.82 
125 - 60.65 57.47 46.45 58.5& 45.11 25.22 4O.5I 
150 - 6O.5I 59.64 51.94 72.18 59.42 59.06 60,06 
8 
the 2nd generation except in the high in tens i ty of doses i n d i c a t -
ing the s t a b i l i t y that the t rea ted progenies are going t o develop 
:in the future generation. 
M, generat ion:- Table-55 records the amount of shoot 
axis elongation in l a t e r a l branches of the 3rd generation at 
successive stages of growth* I t becomes obvious that the amount 
of growth achieved by the l a t e r a l branches i s almost equal under 
a l l t reatments , without any s ignif icant leve l of difference 
throughout the l i f e of the plant except at t h e i r very i n i t i a l 
s tage . Figure-16 shows the r a t e of l a t e r a l branch growth in the 
3rd generation and Figure-17 i l l u s t r a t e s the per cent var ia t ion 
under different t reatments. 
Table-36 gives the value of coefficient of var ia t ion in the 
different t rea ted progenies of the 3rd generat ion. The data 
indicate that the 3rd generation had almost fully recovered from 
the damaging effect of radiat ion and s tabl ized themselves to the 
level of cont ro l , 
Pigure-16 gives a comparative p ic ture of the growth 
behaviour of l a t e r a l branches at different i n t e rva l s in the d i f f e -
rent generat ions. While M- generation of the t reated progenies 
showing re ta r t ed growth r a t e , the M and M generations showed an 
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Table - 36 Coefficient of var ia t ion for length of branch 
of M- generation of L. usitatissimum L, var . 
Mukta under different gamma-ray doses. 
Doses Weeks after germination 
m Krad 1 2 3 4 5 6 7 16 
Control - 11.25 32.43 17.71 19.93 30.93 26.44 24.82 
25 " 19.50 74.83 31.89 36.24 36.84 29.73 31*86 
50 - 15.45 17.66 35.95 27.36 35.96 43.54 35.32 
75 - 6.94 37.47 35.63 26.99 28.68 35.80 31.21 
100 - 2.38 62.32 42.18 45.18 34.20 32.31 30.01 
125 - 1.04 72.43 52.13 60.22 60.19 45.95 4O.O5 
150 - 2.23 47.12 36.10 50.93 35.85 3U57 32.98 
0 9 
enhanced r a t e of growth under a l l t reatments . Further the M2 
and M- generation a t t a in the peaJc growth ea r l i e r than the M^  
generation. 
The t rea ted progenies in general showed a lesser amount 
of shoot growth in M^  generation than in the Mp and M, generations 
except the 25 krad treatment. The progenies of 5O and I5O krad 
treatment showed a higher amount of shoot growth in M generation 
than the o thers . The M, generation a l so showed a be t t e r growth 
than the M^  generation. Here also 25 krad treatmoit finds i t s 
exception. 
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Leaf formation;-
Leaf formation has been taken as a parameter to study 
the effect of ionizing radia t ions in the form of gamma-rays in 
d i f ferent doses. The formation of leaf has been studied under 
two heads v i z . main shoot and l a t e r a l shoots. 
M^  generation: Leaf formation has been recorded at 
v/eekly in te rva l s both in control and t rea ted progenies by counting 
the number of leaves produced in a week's durat ion. Table-37 
gives the number of leaves borne on the main shoot at successive 
stages of growth. I t i s c lear from the Table-37 that the number 
of leaves produced by the t rea ted p lants are l e s s compared to 
control in the one week old seedlings with the exception of 25 krad 
t reatment . In two week old seedlings, a l l the t reated progenies 
showed s ignif icant ly lesser number of leaves than con t ro l . In the 
subsequent stages a l so , the same trend in leaf number has been 
riot iced in a l l cases except in 25 krad treatment. 
The recorded observations of leaf number on l a t e r a l 
branches also showed that the treated progenies produced s i g n i f i -
cantly l e s s number of leaves compared to control with the exception 
of 25 krad treatment in which the readings taken on 2nd and 4th 
week indicated that the leaf number are less only in these two 
stages and not in others (Table-38), Figures 18 and 19 show the 
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97 
r a t e of leaf production in the main shoot and l a t e r a l shoots 
respec t ive ly . In both the cases the r a t e of leaf production 
happens t o be higher in control than in the t reated progenies* 
There i s gradual f a l l in the number of leaves per plant with the 
:Lncreasing in tens i ty of gamma-rays involved in the t reatments . 
This trend i s uniformly maintained both in the main as well as in 
l a t e r a l shoots with occasional minor departure on e i ther s ide . 
Figure 20 and 21 i l l u s t r a t e the per cent var ia t ion in leaf 
number in the t reated progenies in r e l a t ion to main shoot and 
l a t e r a l shoots respec t ive ly . The t rea ted progenies differed in 
leaf number to a greater extent compared to control depending on 
the in tens i ty of gamma-ray doses experienced by the progenies. 
The trend of var ia t ion happens to be the same both in the main 
(r igure-20) and l a t e r a l shoots (Figure-21), 
Table-39 gives the value of coeff icient of var ia t ion in 
the dif ferent t reated progenies at different i n t e r v a l s . I t 
becomes obvious, as in the other parameters s tudied, the CV value 
happens to be higher in the t reated progenies coB5)ared to control 
but the degree of var ia t ion being much narrow than in the other 
parameters described so f a r . Table-40 gives the value of coef f i -
cient of var ia t ion regarding leaf number of the l a t e r a l shoots. 
Here also the t reated progenies showed higher value tjtian the 
control but the degree of var ia t ion has been found to be much 
higher than what i t has been noted for the main shoot. 
t ? 0 
Table - 39 Coefficioat of var ia t ion for number of leaves on 
main shoot of M^  generation under di f ferent gamma-
ray treatment. 
Doses 
in Weeks after germination 
Krad 1 2 3 4 5 6 7 8 
Control 42.16 13.30 13.86 15.50 16.67 10.80 9.61 9.61 
25 46.06 7.92 19.04 12.35 19.84 I4.O3 9.98 9.98 
50 43.77 15.28 I4.85 25.39 12.33 16.85 14.50 9.06 
75 43.77 15.28 I4.85 25.39 12.33 16.85 14.50 9.06 
100 71.36 28.57 21.00 I9 . I6 20.34 13.96 16.91 13.11 
125 89.2 30.76 17.42 21.40 15.77 19.38 17.66 13.98 
150 - 54.07 48.82 24.18 24.22 17.17 16.66 20.75 
S9 
Table - 40 Coefficient of var ia t ion for number of leaves 
per l a t e r a l branch of M^  generation under 
different gamma-ray t reatments . 
Doses 
in 
Krad 
Weeks af ter germination 
8 
Control 
25 
50 
75 
100 
125 
150 
48.24 39.26 27.39 33.31 39.50 31.12 31.12 
54.91 25.97 37.97 34.52 44.86 47.29 47.29 
6O.I4 30.06 48.28 51.54 46.10 44.82 45.59 
44.70 57.02 64.59 50.30 70.02 4O.OO 66.47 
67.74 44.68 50.13 52.29 46.00 59.90 
41.54 52.79 34.63 55.19 55.42 48.56 
33.52 55.69 55.21 56.37 
100 
Mp generation: The number of leaves has also been 
recorded for 2nd generation at weekly in t e rva l s both in the 
main as well as in l a t e r a l shoots* Table-41 summarises the 
readings taken on leaf number on the main shoot in the Mp gene-
r a t i o n . Here i t i s noted that the t rea ted progenies produced 
s igni f icant ly l e s s number of leaves compared to control with the 
exception of 25 krad treatment and a few others at the las t 
stage of the growth performance. Under 100 krad treatment, the 
i n i t i a l as well as the l a s t stage has shown almost equal number 
of leaves t o that of control where as in 125 and 150 krad t r e a t -
ments, the l a s t stage readings showed no s i ^ i f i c a n t d i f fe ra ice in 
leaf number per plant compared to con t ro l . 
The leaf count of M generation on l a t e r a l branches had 
shown that in 2 week old seedlings the progenies of 75, 100 and 
125 krad treatments showed s igni f icant ly l e s s number of leaves 
to that of cont ro l . In 5 week old seedl ings, a s imilar count has 
revealed that a l l the t reated progenies produced l e s s number of 
leaves compared to control with the exception of 25 krad t r e a t -
ment. In 4 week old seedlings no difference has been noticed 
in leaf number in a l l the t reated progenies, i r r e spec t ive of dose 
in tens i ty compared to control . In 5 week old p lants the same 
trend in leaf number has been noticed with the exception of 100 
krad treatment. In 6 week old stage the progenies of 50, 75 and 
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and 100 krad treatments produced s igni f icant ly less number 
of leaves than in the o thers . In 7th week, the leaf count 
has shown that only 50 krad, 100 krad, and 125 krad treatments 
produced lesser number of leaves per branch compared t o others 
(Table-42). 
Figure-20 and 21 gives the per cent var ia t ion in leaf 
number on the main shoot and in the l a t e r a l branches respective-
l y . Values given in the t ab les indicates that the degree of 
difference i s not wide in M generation indica t ing the induced-
var ia t ion in leaf production i s ge t t ing s tab i l i zed in the 2nd 
generation, 
Table-43 gives the values of CV for the leaf number on 
the main shoot in the different t reated progeny of the M-
generation* The degree of var ia t ion in the different progenies 
indicates no further departure of the t r ea ted progenies than 
that of cont ro l , 
Table-44 indicates the GV value of the different t rea ted 
progenies regarding leaf number on l a t e r a l branch in the 2nd 
generation during the i r successive stages of the growth. Here 
also the var ia t ion has been narrowed in the majority of cases 
to however around the one of control . 
y # 
Table - 45 Coefficiai t of var ia t ion for number of leaves 
on main shoot of Mp generation under different 
gamma-ray t reatments . 
Doses 
in 
Krad 
Weeks after germination 
4 
Control 27.62 U.71 16.51 15.43 15.53 10.97 12.72 
25 39.65 12.67 19.54 20.78 21.09 14.13 12.44 
50 46.10 20.26 13.67 14.40 16.92 7.59 7.66 
75 32.65 12.87 15.27 24.74 15.08 17.69 15.84 
100 25.64 13.60 24.00 19.21 16.36 22.16 10.96 
125 37.66 20.2 21.16 20.68 31.32 30.86 21.05 
150 34.10 15.78 20.27 21.88 36.02 34.64 23,50 
1 \)d 
Table - 44 Coefficient of var ia t ion for number of leaves 
per l a t e r a l branch of Mp generation under 
different gaimna-ray t reatments . 
Doses Weeks af ter germination 
in " 
Krad 
Control - 42,54 23.5 21.39 28.92 21.23 19.56 
25 - 32.38 25.7 30.05 3O.I6 30.65 19.27 
50 - 51.36 29.26 24.88 28.03 16.45 32.21 
75 - 46.21 35.34 37.88 30.1? 47.28 28.86 
100 - 49.63 42.92 37.42 26.61 4O.O5 22,61 
125 - 53.95 39.39 32.63 41.83 27.22 19.52 
150 - 45.27 40.00 43.33 45.71 34.93 28.44 
U'G 
M generat ion:- As in the f i r s t two generat ions, the 
_2 . 
leaf count was also made in the 3rd generation at weekly in te rva l s 
both in the main shoot and in the l a t e r a l ones. Table-45 
summarises the r e s u l t s obtained in th i s connection. In one week 
old seedling, the leaf count has revealed that a l l the t rea ted 
progenies produced s ignif icant ly l e s s number of leaves than in 
con t ro l . In the 2nd stage 75» 100 and 125 krad treatments showed 
s ign i f ican t ly l e s s number of leaves in the main shoot than the 
control p l an t s . In 4th and 7th week the number of leaves in a l l 
the t rea ted progenies were s ignif icant ly l esse r than in control 
except the 50 krad treatment in which in the 4th week the number 
of leaves differed s igni f icant ly from that of control , while in 
the other stages no s ig i i f i can t difference has been noted in t h i s 
progeny. In the l a s t s tage, the leaf number differed to a 
s ignif icant level only in 100 krad t reatment . 
T.able-46 gives the leaf number per l a t e r a l branch in the 
dif ferent t rea ted progenies of M generation. In two week old 
seedling, the progeny of 25 krad, 100, 125 and 150 krad treatments 
showed lesser number of leaves per branch but in the 3 week old 
seedlings only 50 and 75 krad treatments showed poor number of 
leaves con^ared to that of cont ro l . In the other stages 75, 100 
and 150 krad treatments showed s igni f icant ly l e s s number of leaves 
per branch. Figure 18 and 19 i l l u s t r a t e the r a t e of leaf 
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production in the different t reated progenies of the 5rd genera-
t ion at weekly in t e rva l s both in t h e i r main shoot and in the 
l a t e r a l branches respect ive ly . 
Figure 20 and 21 give the value of per cent var ia t ion in 
the main shoot and l a t e r a l branches respec t ive ly . Both in the 
main shoot and in l a t e r a l branches the leaf number did not d i f fe r 
to any great extent as in the 2nd generation* The difference 
being narrow, one l ike ly to take the induced-variation due to 
gamma-ray treatment has in i t s verge of vanishment in the 3rd 
generation. 
\ 
Table-47 gives the CV value regarding leaf number per plant 
in the main shoot of the 3rd generation. Although the t rea ted 
progenies showed a l i t t l e higher value than the cont ro l , p a r t i -
cular ly in the i n i t i a l stages of growth and under high in tens i ty 
doses, the var ia t ion gets reduced with the time as the p lants 
grow old. In some cases the CV value has been found to be lower 
than the control i t s e l f at the l a s t s tage . 
Table-48 gives the CV value regarding the leaf number per 
l a t e r a l branch. Here both in the control as well as the t reated 
\ progenies, the values go high showing the inconsistent behaviour 
of t h i s t r a i t as an inherent qual i ty in the selected va r i e ty . 
liO 
Table - 47 Coefficient of var ia t ion for number of leaves on 
main shoot of M, generation under different gamma-
ray t reatments . 
Doses 
in 
Krad 
Weeks after germination 
4 
Control 26.44 15-49 16.43 15.78 19.23 15.15 15.83 
25 
50 
75 
100 
125 
150 
44.07 13.96 16.04 13.75 15.68 8.84 8.84 
30.93 15.95 13.01 20.31 22.60 11.62 7.86 
25.48 14.99 17.47 13.50 19.62 I I .84 7.38 
30.91 14.64 19.00 18.72 24.09 15.54 20.33 
39.43 14.84 16.22 18.51 24.86 14.54 U.OO 
60.92 17.59 12.66 19.11 31.63 17.38 14.43 
1 -^ .-? 1 1 
Table - 48 Coefficient of var ia t ion for number of leaves for 
l a t e r a l branch of M, generation under different 
gamma-ray treatments . 
Doses Weeks after germination 
in 
Krad 1 2 3 4 5 
Control - 29.96 55.38 52.90 62.08 51.51 48.77 
25 - 43.98 30.87 42.53 41.90 48.44 35.58 
50 - 21.19 16.82 37.75 36.06 47.52 51.43 
75 - 52.11 16.82 38.87 37.77 36.06 58.38 
100 - 50.02 34.36 31.07 41.51 27.55 34.19 
125 - 35.99 26.99 37.46 27.60 41.92 35.83 
150 - 51.67 18.95 36.93 31.03 30.94 41.33 
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Leaf area: 
M- generation: The average leaf area imder different 
regions of the plant v i z . , basal , middle and upper varied in size 
to a s ignif icant extent (Table-49)» I t becomes clear from the 
data that under a l l the treatments, the leaf area d i f f e r s at 
differQit regions within a plant as well as in the different p lants 
ra ised under different t reatments . In the basal region, the leaf 
area was found to be s ignif icant ly l e s s under 75» 100, 125 and 
150 krad treatments compared to con t ro l . Similarly the middle 
and upper regions also displayed s igni f icant ly l e s s leaf area 
compared to control* Pigure-22 shows the per cent var ia t ion regard-
ing leaf area over the cont ro l . In no case the t reated progenies 
showed a higher area per leaf over that of control in M^  goierat ion, 
l&iiformly, under a l l t reatments, the leaf s ize showed a reduction 
which i s being higher under high in tens i ty doses than in lower 
ones. 
Table-50 gives the CV value regarding leaf s ize under 
d i f ferent treatm.ents in M^  generation based on the average size 
of leaf per p lant . The leaf area has been calculated in the 
t rea ted progenies at the i r successive stages of growth, Table-51 
summarises the r e su l t s obtained in t h i s regard, A glance at the 
r e s u l t s indicates that the leaf area per plant d i f fe rs s ign i f i can t -
ly under a l l treatments and a l l the stages of growth compared t o 
lit) 
2 
Table - 49 Leaf s ize (cm ) in M^  generation of 
L. usitatissimum L. var . Mukta under 
Doses 
in 
Krad 
Control 
25 
50 
75 
100 
125 
150 
L.S.D. 
a t % 
l e v e l 
d i f f e r en t 
Basal 
0.397 
+0.1195 
0.338 
+0.1479 
0.581 
+0.1504 
0.178* 
+0.0797 
O. I83 ' ' 
+0.0860 
0.25 **" 
+0.0609 
0 .131* 
+0.0278 
0.0783 
; gannna-ray 
Leaf s i z e 
Middle 
1.450 
+0.4062 
1.090* 
+0.2131 
1.108* 
+0.4122 
0.827* 
+0.3707 
0.590* 
+0.3345 
0.670* 
+0.1643 
0.358* 
+0.0886 
0.2015 
t r e a t m e n t s . 
in cm 
Upper 
1.442 
+0.6210 
1.118* 
+0.4827 
0.992* 
+0.3384 
1.031* 
+O.5O66 
0.735* 
+3929 
0.660* 
+0.3830 
0.248* 
+0.0445 
0.2864 
! 
Mean 
1.096 
+0.3822 
0.848* 
+0.2812 
0.827* 
+0.3003 
0.679'' 
+0.3190 
0.502* 
+0.2711 
0.527* 
+0.0536 
0.246* 
+0.0536 
0.1887 
+ =! Standard deviation 
L.S.D. = Least s ignif icant difference 
* = Significant at % l e v e l . 
lU 
Table - 50 Coefficient of var ia t ion for leaf s ize of M^  
generation under different gamma-ray t reatments . 
Poses 
in 
Krad 
Control 
25 
50 
75 
100 
125 
150 
Basal 
30.10 
43.75 
39.47 
44.75 
46.86 
24.36 
21.09 
Leaf saze 
Middle 
28.01 
19.55 
37.19 
44.81 
56.69 
24.40 
24.74 
Upper 
43.06 
43.11 
34.08 
49.09 
53.33 
57.96 
17.89 
Mean 
34.87 
33.13 
36.29 
46.98 
58.89 
38.45 
21.77 
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that of cont ro l . The per cent var ia t ion in leaf area per plant 
over the control has been depicted in i ' igure-23. The reduction 
in leaf area per plant has been found as high as 90 per cent and 
more in several cases par t i cu la r ly under high in tens i ty doses* 
The CV value calculated to know the var ia t ion within the popula-
t ion has shown that i t i s higher in the t rea ted progenies than 
the cont ro l , i l l u s t r a t i n g the occurrence of induced var ia t ion in 
the t rea ted progenies (Table-52). 
M goiera t ion: The leaf s ize in different regions of a 
plant as well as the leaf area per plant under different stages 
of i t s growth has been studied in M^  generation as in the M., 
Table-53 gives the r e s u l t s obtained in regard to leaf s ize in the 
di f ferent regions of a plant under different t reatments . I t 
becomes clear from the data that the leaf s ize per plant under 
different treatments does not d i f fer to any s ignif icant level 
(Figure-22). 
Table-54 gives the CV value regarding leaf s i ze in the 
second generation. I t does not appear to vary much in t h i s 
gaierat ion on t h i s bas i s . 
Table-55 summarises the r e s u l t s obtained in respect of leaf 
area per plant under different treatments at successive stages of 
growth of M generation. The t rea ted progenies showed reduced 
±0 
2 
Table - 55 Leaf size (cm ) in Mp generation of 
L, usitatissimum L. var , Mukta under 
Doses 
in 
Krad 
Contro l 
25 
50 
75 
100 
125 
150 
L .S .D. 
a t 5% 
l e v e l 
d i f f e r e n t 
Basal 
0.58 
+0.108 
to'Ms 
0.58 
±0.156 
0.34 
±0.147 
0.524 
+0.119 
0.57 
±0.128 
0.39 
+0.151 
0.1054 
gamma-ray 
l e a f s i z e 
Middle 
1.46 
+0.462 
1.28 
±0.558 
1.18 
±0.415 
1.50 
±0.415 
1.29 
±0.483 
1.58 
±0.479 
1.44 
±0.479 
0,5085 
t r e a t m e n t s . 
in cm 
Upper 
1.45 
+0.608 
1.50 
±0.600 
1.21 
±0.621 
1.31 
±0.621 
1.40 
±0.651 
1.52 
±0.785 
1.44 
±0.798 
0.5429 
Mean 
1.098 
+0.592 
0.982 
±0.562 
0.927 
±0.411 
0.986 
+0.594 
1.006 
±0.411 
1.027 
±0,465 
1.095 
±0.469 
0.2522 
119 
Table - 54 Coefficient of var ia t ion for leaf size of Mg 
generation under different gamma-ray treatments. 
Doses 
in 
Krad 
Control 
25 
50 
75 
100 
125 
150 
Basal 
28.08 
34.23 
41.21 
42.27 
36.88 
34.10 
33.13 
Leaf size 
Middle 
31.65 
27.97 
35.31 
31.89 
37.78 
34.48 
33.26 
Upper 
41.93 
45.81 
37.66 
47.43 
45.08 
59.27 
55.27 
Mean 
35.77 
36.64 
37.13 
40.06 
40.85 
.45.08 
42.90 
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leaf area per plant to the extent of s t a t i s t i c a l sigaificanoe 
under different treatments over control , excepting in a few 
cases pa r t i cu la r ly under 25 and 150 krad t reatment . In the 
former case in 1st and 2nd week old seedlings as well as in 6th 
and 7th week old plants the leaf area did not show any s i g n i f i -
cant difference from that of cont ro l . Similarly under 150 krad 
treatment in the f i r s t two weeks as well as in the 7th week, 
the leaf area did not s igni f icant ly d i f fer from that of cont ro l . 
Figure-23 gives the per cent var ia t ion regarding leaf area reduc-
t ion per plant of the M- generation, Table-56 gives the CV value 
on leaf area parameter in the 2nd generation. The CV values of 
2nd generation show that the var ia t ion i s ge t t ing minimised. 
M, generation: The findings on s ize var ia t ion of leaf 
in different regions of the plant in R. generation has shown that 
i t does not d i f fe r in i t s average from one treatment to another 
compared to the control . (Table-57) . Figure-22 gives the per cent 
va r ia t ion in leaf s ize of the different treatments in M_ genera-
5 
t ion over that of control . Although there i s a reduction in s ize 
of leaf in a l l the t reated progenies compared to that of cont ro l , 
the var ia t ion percentage does not appear t o be appreciable. 
Table-58 indica tes the var ia t ion within the population regarding 
leaf s ize in the different t reatments . Being the th i rd generation, 
-S 0 9 
(^O 
2 
Table - 57 Leaf s ize (cm ) in M, generation of 
L, usitatissimum L, var . Mukta under 
different g&vma-TSQf t reatments . 
Leaif s ize in cm D o s e s T.aaf fi-io;o -in nm^ in 
Krad 
25 
50 
75 
100 
125 
150 
L.S.D. 
at 3% 
l e ve l 
^0.38 
±0.112 
0.38 
+0.129 
0.34 
+0,109 
0.35 
+0.127 
0.37 
+0.128 
0.38 
+0.129 
0.0986 
+ = standard deviation 
L.S.D. = Least s ignif icant difference 
Basal Middle Upper Mean 
ron t ro l ^'591 1.50 1.47 1.121 
control +0.118 +0.473 +0.725 +0.439 
1.38 1.40 1.05 
+0.453 +0.711 +0.416 
1.46 1.32 1.05 
+0.453 +0.528 +0.370 
1.38 1.39 1.04 
+0.446 +0.620 +0.392 
1.40 1.42 1.06 
+0.463 +0.543 +0.378 
1.41 1.44 1.07 
+0.441 +0.602 +0.390 
1.42 1.41 1.07 
+0.439 +0.582 +0.383 
0.2816 0.3131 0,2311 
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Table - 58 Coefficient of var ia t ion for leaf s ize of l/L 
generation under different gamma-ray treatments, 
Doses Leaf s ize 
in 
^^^ Basal Middle Upper Mean 
Control 
25 
50 
75 
100 
125 
150 
50.28 
29.04 
33.61 
31.43 
35.82 
34.28 
34.06 
31.56 
30.79 
31.06 
32.15 
33.12 
31.10 
30,85 
49.27 
50.50 
37,77 
44.40 
38.09 
41.83 
41.14 
36.20 
39.34 
35.03 
37.54 
35.64 
36.26 
35.76 
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induced var ia t ion has no significance after the lapse of the two 
previous generations, as the CV values do not d i f fer much from 
that of con t ro l . 
The leaf area calculated per plant under the different 
treatments in successive stages of growth has shwon that the 
progenies of a l l the treatments have s igni f icant ly reduced leaf 
area in the 3rd generation compared to that of control (Table-59)» 
Figure-23 shows the per cent var ia t ion reduction in leaf 
area under different treatments in 5rd generation. Although the 
leaf s ize did not vary to any s ignif icant l eve l , the t o t a l leaf 
area per plant did show a higher percentage of deviation from that 
of con t ro l . 
Table-60 shows the CV value for the different t rea ted 
progenies in t he i r own population l e v e l . The recorded value shows 
va r i a t i on , within the population i s minimised in the 3rd genera-
t ion and the population of the different progenies are ge t t ing 
s tabl ized in the 3rd generation. 
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Biomass study: 
The biomass study was carr ied out at for tn ight ly 
i n t e rva l s upto 60 days and l a t e r at the harvest ing stage of 
120 days both on the basis of fresh weight as well as dry weight, 
for a l l the three generations of the gamma ray t rea ted progenies. 
The upper ground and under ground biomass were calculated separa-
tely and also the t o t a l biomass with f ive r e p l i c a t e s for each 
stage of plant growth and 15 r ep l i ca t e s for the f ina l s t age . 
Upper ground biomass: The biomass estimation of 1st generation 
of different t reated progenies under fresh condition showed 
decreasing order with the increasing in tens i ty of gamma rays 
employed in the treatments and the decrease in biomass was found 
to be s i ^ i f i c a n t at a l l stages of growth under a l l treatments 
compared to control (Table-61). The same when i t was calculated 
on dry w e i ^ t bas i s , i t was found that i t va r i e s from the control 
in the t rea ted progenies to a s ignif icant l eve l (Table-61). 
Figure-24 indicates the per cent var ia t ion of upper ground 
biomass of the different t rea ted progenies compared to con t ro l . 
The var ia t ion trend showed an increasing order with ay increasing 
in tens i ty of doses under a l l stages of growth. 
The analysis of coefficient of var ia t ion in respect of 
upper ground biomass has revealed that the value shows an increase 
129 
with the increasing dose at a l l stages of growth (Table-62). 
Iftider ground biomasst The analysis of under ground biomass 
both on the basis of fresh weight (Table-65) and dry weight 
(Table-63) has revealed that the biomass of t rea ted progenies in 
the H^  generation shows a decreasing order with increasing 
in tens i ty of gaaafla-rays involved in the treatment. S t a t i s t i c a l 
analys is of the collected data has revealed tha t the decrefius4»^ 
in biomass in the t rea ted progenies i s s igni f icant at 3 per cent 
level under a l l stages of growth as in the case of upper ground 
biomass* The per cent var ia t ion calculated has revealed that 
both the fresh weight as well as dry weight of the t reated proge-
nies var ies to a considerable extent from that of cont ro l , the 
var ia t ion being qui te high in the higher doses (Figure-24)« 
The analysis of coef f ic io i t of var ia t ion with in the popu-
la t ion i s more under high in tens i ty of doses than in the low inten-
s i ty doses and control indica t ing that the treatments have induced 
var ia t ion in the t reated progenies (Table-64). 
Mg generation: The upper ground biomass estimation at f o r t -
nightly in te rva l s of M- generation has shovm that the t rea ted 
progenies d i f fe r s ignif icant ly in the biomass production from that 
of control under a l l treatments and at a l l stages of growth both 
in terms of fresh weight and dry weight except in the case of 25 
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Table - 61 Shoot biomass of M^  genera t ion in terms of f resh 
and dry weight under d i f f e r e n t gamma-ray t r e a t m e n t s 
at d i f f e r e n t i n t e r v a l s . 
Doses 
i n 
Krad 
Shoot biomass 
Days a f t e r germinat ion 
15 50 45 60 120 
Control 
25 
50 
75 
F.W. 
D.jtf. 
F.W. 
D.W. 
F.W. 
D.W. 
F.W. 
100 
D.W. 
F.W. 
F.W. 
150 
D.W. 
0.460 
+0,0441 
0,035 
+0.0035 
0.495* 
+0.0587 
"0.034 
+0.0037 
0.209* 
+0.0295 
0.0172* 
+0.0022 
0.207* 
+0.0449 
0.0196* 
+0.0038 
0.223* 
+0.0450 
0.0185* 
+0.0035 
0.176* 
+0,0436 
0.0170* 
+0.0037 
0.166* 
+0.0458 
"0.0350* 
+0.0035 
0,03227 F.W. 
L.S .D. 
a t 5:5^  l e v e l 
D.W. 0,002140 
3.695 
+0,4294 
0.524 
+0.0557 
1.726* 
+0,2664 
"0 .213* 
+0.0299 
0.909* 
+0,1697 
0.090* 
+0.0155 
0.539* 
+0.1064 
0.036* 
+0.005 
0,409* 
+0.1065 
0,054* 
+0,0129 
0.312* 
+0.0861 
0,035* 
+0.0089 
0 .153* 
+0.0460 
" 0 ,524* 
+0,0557 
0,08647 
7.953 
+1.4164 
1.297 
+0,2090 
5.545* 
+1,0397 
"0.860* 
+0,1341 
2,574* 
+0.6542 
0,397* 
+0,0852 
1.477* 
+0.3988 
0,242* 
+O.6O79 
0 , 8 2 1 * 
+0.2707 
0,139* 
+0,0440 
0,612* 
+0,2120 
0,0912* 
+0.0275 
0,257* 
+0.0905 
' 1 . 2 9 7 * 
+0.2090 
0.49160 
0.00995 0.04076 
+ s= 
* s 
F.W. = 
D.W. = 
Standard d e v i a t i o n 
S ign i f i c an t a t 3% 
l e v e l 
Fresh weight 
Dry weight 
10,042 
+ 1.7554 
1.980 
+ 0.3565 
8.668* 
+ 1.5751 
1.797* 
+ 0.2876 
3.226* 
+ 0.6624 
0.710* 
+ 0.1409 
1.818* 
+ 0.3937 
0.369* 
+ 0.0745 
2.054* 
+ 0.6072 
0.374* 
+ 0.1033 
0.639* 
+ 0,1923 
0,0730* 
+ 0,0215 
0,285* 
+ 0.0985 
1.9808* 
+ 0,3565 
0,5774 
0,09125 
73.802 
+15.448 
14.517 
+ 3.174 
42.200* 
+32,494-
8.752* 
+ 6.719 
19.979* 
+10,5540 
4 .396* 
+ 2,1980 
15.286* 
+8.3200 
3.107* 
± 1.734 
17.229* 
+ 6.8910 
3.136* 
+ 1.191 
17.377* 
+10,3960 
1.984* 
± 1.233 
18,139* 
+ 7 .618. 
2.730* 
+ 1,105 
6.5510 
1.4388 
L.S.D, = Least s i g n i f i c a n t 
d i f f e r e n c e 
«"3 
Table 
Doses 
in 
Krad 
! - 62 
F.W. 
Control 
25 
50 
75 
100 
125 
150 
D.W. 
F.W. 
D.W. 
F.W. 
D.W. 
F.W. 
D.W. 
F.W. 
D.W. 
F.W. 
D.W. 
F.W. 
D.W. 
F.W. = 
D.W. = 
Coeff ic ien t of v a r i a t i o n for 
M- genera t ion under d i f f e r e n t 
15 
9.60 
10.00 
11.85 
10.77 
14.11 
12.97 
21.67 
19.75 
20.15 
19.18 
24.68 
22.09 
27.50 
24.69 
Days a f t e r 
30 
11.62 
10.63 
15.43 
14.00 
18.67 
17.11 
19.72 
14.98 
20.04 
23.55 
27.55 
24.89 
30,00 
27.29 
Fresh weight 
Dry ve±i ght 
shoot biomass 
gamma-ray t r 
germination 
45 
17.81 
16.11 
18.75 
15.59 
25.41 
21.44 
27.00 
25.09 
32.96 
, 31.66 
34.61 
30.66 
35.23 
32.41 
60 
17.40 
18.00 
18.17 
16.00 
20.53 
19.85 
21.66 
20.18 
29.55 
27.64 
30.08 
29.57 
34.51 
30.66 
of 
eatments . 
120 
20.99 
21.87 
77.00 
76.78 
52.85 
50.01 
54.43 
55.84 
40.00 
38.00 
59.83 
61.55 
42.00 
40,48 
1 *)o 1 
Table - 63 
F.W. 
Control 
D.W, 
25 
50 
75 
100 
125 
150 
Root biomass of M- genera t ion in terms of f resh 
and dry weight under d i f f e r e n t gamma-ray t r e a t m e n t s 
a t d i f f e r e n t i n t e r v a l s . 
Doses 
in 
Krau 15 
Root biomass 
Days a f t e r germination 
30 45 60 120 
0.029 
+0,0023 
0.0022 
+0,00020 
F.W. 0 ,041* 
+0.0050 
D..W. "0,0028* 
+0,00034 
F.W. 0 , 0 U * 
+0.0024 
D.M. 0,0014* 
+0.00022 
F.W, 0,017* 
+0,0027 
D.W. 0,0016* 
+0.00027 
F.W. 0,009* 
+0,0019 
D.W. 0,0008* 
+0,00016 
F.W. 0,006* 
+0,0013 
D.W. 0.0062* 
+0,00013 
F.W. 0,008* 
+0,0020 
D.W. 0.0016* 
+0,00041 
F.W. 0.00128 
•L.S.D. 
a t 3% l e v e l 
D.W. 
+0,0504 
0,0341 
+0.0040 
0.143* 
+0,0216 
' 0 , 0177* 
+0,0025 
+0 '•M 12 
0,0073» 
+0,00113 
0.046* 
+0,0088 
0 ,0031* 
+0,00058 
0,017* 
+0,0045 
0.0023* 
+0,00056 
0 , 0 1 1 * 
+0,0030 
0,0013* 
+0.00034 
0,016* 
+0.0049 
0,0031* 
+0.00089 
0.00865 
+0.0854 
0,084 
+0.0132 
0.459* 
+0.090 
' 0 , 0 7 1 * 
+0,0128 
0,209* 
+0.0395 
0,0323* 
+0.0057 
0.125* 
+0,0257 
0,0206* 
+0,0039 
0.035* 
+0,0091 
0,0060* 
+0.00131 
0,022* 
+0.0068 
0.0033* 
+0,00089 
0,027* 
+0.0091 
0,0033* 
+0,00102 
0,02900 
S:m2 
0,192 
+0,0323 
0.482* 
+0.1010 
"0 ,100* 
+0,019 
0.209* 
+0,5992 
0,0460* 
+0,0121 
0,186* 
+0,0471 
0,0380* 
+0,00916 
0,096* 
+0,0284 
0,0175* 
+0,00455 
0,017* 
+0,0054 
0,0040* 
^:V' 187 
0,653 
+0,1363 
1.734* 
+1.2245 
' 0 , 3 5 9 * 
+0.2515 
1.060* 
+0.6497 
0.2330* 
+0,1419 
0,613* 
+0,4044 
0,1248* 
+0,0818 
0,902* 
+0.4592 
0.1643* 
+0.0790 
0.420* 
+0,2366 
0.0956* 
+0.00154 +0.05170 
0 ,013* 
+0.0048 
0,0020* 
+0,00068 
0,04050 
0,780* 
+0,3802 
0,1174* 
+0,0543 
0,3909 
0,000135 0.000925 0.004789 0.00950 0.08185 
+ = Standard dev ia t ion L,S,D, = Least s i g n i f i c a n t d i f f e r e n t 
« = S ign i f i can t a t % l e v e l F.W. = Fresh Weight 
D.W. = Dry weight 
X O ij 
Table - 64 Coefficient of var ia t ion for root biomass of 
M^  generation under different gamma-ray 
treatments* 
Doses 
in 
Krad 
Contr< 
25 
50 
75 
100 
125 
150 
F.W. 
3 l 
D.V. 
F.W. 
D.V. 
F.V. 
D.W. 
F.W. 
D.W. 
F.W. 
D.W. 
F.W. 
D.W. 
F.W. 
D.W. 
15 
8.01 
9.00 
12.20 
12.01 
14.60 
15.65 
15.70 
16.18 
19.80 
20.60 
21.60 
21.80 
24.80 
25.60 
Days aift 
30 
12.66 
12.00 
15.11 
14.27 
16.42 
15.58 
19.17 
18.50 
25.79 
24.00 
26.48 
26.70 
29.70 
28.22 
er germinat 
45 
16.53 
15.75 
19.61 
18.00 
13.88 
17.81 
20.44 
18.50 
25.97 
21.84 
30.80 
26.73 
32.66 
30.66 
ion 
60 
18.48 
16.84 
20.95 
19.00 
28.66 
26.41 
25.23 
19.20 
29.62 
26.05 
30.78 
28.87 
35.51 
34.15 
120 
21,7 
20.87. 
70.61 
69.93 
61.24 
60.82 
65.90 
24.13 
50.87 
48.08 
56,27 
54.07 
48.70 
46.25 
F.W. = Fresh weight 
D.W. = Dry weight 
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krad treatment in which no significance difference occurred in 
biomass at t he i r early stages of growth (Table-65)» 
Figure-25, indicates the per cent var ia t ion in biomass 
production by the different t rea ted progenies in the i r Mg 
generation. All the t reated progenies showed a reduction in the i r 
biomass content compare- to that of cont ro l . 
Under ground biomass: The under ground biomass estimation of 
2nd generation has shown tha t the high in t ens i ty doses (125 and 
150 krad) caused s igni f icant reduction in under groimd biomass 
production at a l l stages of growth. Ijnder 100 krad treatment, 
a lso the under ground biomass was found to be s i g i i f i c a n t l y l e s s 
at a l l stages except that of 60 day stage* 75 krad treatment has 
shown reduced biomass content at 50, 45 and 120 day old s tages , 
whereas 50 krad treatment yielded no s ignif icant difference at 
60 day old s tage. In 25 krad treatment, root biomass s ignif icant ly 
differed from that of control at 45 and 120 days old stages 
(Table-67). 
The under ground biomass on the basis of dry weight also 
has shown more or l e s s the same r e s u l t s as that of fresh weight 
(Table-67). 
The var ia t ion percentage calculated in terms of fresh 
and dry w e i ^ t revealed that the t reated progenies showed a 
1 
reduction in biomass production except 25 krad treatment in which 
the p lants showed a marginal increase in the f i r s t three stages 
in terms of fresh w e i ^ t and at the 1st and 2nd stages in terms of 
dry weight. The var ia t ion percentage has been found to be high 
at the l a s t stage of analysis in a l l the t reatments , except the 
125 Icrad treatment in which the highest percentage of var ia t ion 
was found to occur in 30 day old seedlings inlterms of fresh weight. 
The root biomass showed a|different percentage var ia t ion on dry mass 
b a s i s . The f i r s t three and the l a s t treatment recorded highest 
percentage of var ia t ion at the time of harves t , where as the 100 
and 125 icrad treatments recorded highest var ia t ion in 30 day old 
stage (Pigure-25). 
The analysis of variance within the population of the 
dif ferent t reated progenies has revealed that the var ia t ion i s not 
high in the 2nd generation as in the case of the 1s t , The highest 
var ia t ion was recorded under a l l treatments at the harvest ing 
stage (Table-68), 
M_ generation: The upper ground biomass estimation .of the 3rd 
generation has revealed that the t rea ted progenies s igni f icant ly 
differed in biomass from that of control under a l l treatments 
i r respec t ive of the strength of gamma-rays both in terms of fresh 
and dry weight. However in the case of l a t e r , a s l igh t deviation 
from that of the general trendy has been observed in some cases , 
pa r t i cu la r ly of the lower doses (Table-69). 
3u 
Table - 65 Shoot biomass of Mp generation in terms of fresh 
and dry weight under different gamma-ray t r e a t -
ments at different i n t e r v a l s . 
Doses 
in 
Krad 
Shoot bioJQass 
Days af ter germination 
15 30 45 60 120 
Control 
25 
50 
75 
100 
125 
150 
P.W. 
D.W. 
F.W. 
D.W. 
F.W. 
D.W. 
F.W. 
F.W. 
D.W. 
F.W. 
D.W. 
F.W. 
D.W. 
L.S.D. 
at 3% level 
D.W. 
0.657 
+0.0855 
0.0667 
+0,00714 
0.636 
+0.1069 
0.0627 
+0.00991 
0.340* 
±0.0695 
0.0303* 
+0.00497 
0.485* 
+0.1062 
0,0410* 
+0.0080. 
0.412* 
+0,1027 
0.0353* 
+0,00639 
0.511* 
+0.14233 
0,0351* 
+0.00745 
0.449* 
+0.1208 
0.0399* 
+0,01033 
0.0824 
2,783 
+0.4647 
0.4171 
+0.0509 
2.577 
+0.5102 
O.35I8* 
±0.05523 
1.501* 
±0.2762 
0.209* 
+0.0312 
1.493* 
+0.3254 
0.2252* 
+0.0427. 
1.266* 
+0.2621 
0.1585* 
+0,0294 
0,997* 
±0.31034 
0.1608* 
±0,0495 
1.421* 
+0.4774 
0.2310* 
±0,0824 
0.2875 
6.993 
±1.0629 
1.2126 
+0.1624 
7.122 
+I.33I8 
1.1426 
±0.18738 
3.943* 
±0.9898 
0.53* 
±0.1091 
4.130* 
+1.1689 
0,7036* 
+0.21178 
3.473* 
+1.2296 
0.5643* 
±0.1839 
3.618* 
±1.4725 
0.5833* 
±0.2228 
4.405* 
±2.0221 
0.7012* 
±0.30995 
1.0677 
15.465 
± 3.3251 
2.6960 
± 0.4475 
11.477* 
± 3.0299 
2.061* 
+ 0.5090 
9.820* 
± 2.7202 
1.6185* 
± 0,4191 
10.012* 
+ 3.2540 
1.6565* 
± O.5O85 
10.922* 
± 4.2160 
2.0855* 
± 0.7612 
7.755* 
± 3.2184 
1.4475* 
+ 0.5659 
8,059* 
± 3.9247 
1.657* 
± 0.8237 
2.1420 
82.968 
+20.5760 
14.4630 
± 3.0220 
55.797* 
±16.7948 
10.020* 
± 3.0810 
39.081* 
±19.8140 
6.441* 
± 2.2002 
39.408* 
+21.7532 
6.520* 
± 3.7120 
47.251* 
±28.5396 
9.0220* 
+ 5.8880 
46.698* 
+32.7352 
8.716* 
+ 4.761 
43.677* 
±32.8014 
8.983* 
± 6.7290 
18.3581 
0.00587 0.03179 0.14822 O.4I64 3.19902 
= Least sigQifioant difference + = Standard deviation L.S.D. 
* = Significant at 3% level 
F.W. = Fresh weight 
I)»V, = Dry weight 
it) I 
Table - 66 Coefficient of var ia t ion for shoot biomass of 
Mo generation under different gamma-ray 
t rea tments . 
Doses 
in 
Krad 
Control 
25 
50 
75 
100 
125 
150 
• 
F.W. 
D.W. 
D.W. 
P.W. 
D.W. 
F.W. 
D.W. 
F.W. 
F.W. 
D.W. 
F.W. 
D.W. 
F.W. = 
D.W. = 
15 
13.00 
10.70 
16.80 
15.80 
20.40 
16.40 
21.90 
19.6 
24.90 
18.10 
27.8 
21.20 
26.88 
25.90 
Days a f t e r germinat 
30 
16.70 
12.20 
19.80 
15.70 
18.40 
14.90 
21.80 
19.00 
20.70 
18.60 
31.10 
30.80 
33.60 
35.70 
Fresh weight 
Dry weight 
45 
15.20 
13.40 
18.70 
16.40 
25.10 
20.60 
28.30 
30.10 
35.40 
32.60 
40.70 
38.20 
45.90 
44.20 
ion 
60 
21.50 
16.60 
2-6.40 
24.70 
27.70 
25.90 
32.30 
30.70 
38.60 
36.50 
41.50 
39.10 
48.70 
49.70 
120 
24.80 
20.90 
30.10 
30.75 
50.70 
34.16 
55.20 
56.94 
6O.4O 
65.27 
70.10 
54.63 
75.10 
74.91 
38 
Table -
Doses 
in 
Krad 
F.W. 
Control 
D.W. 
25 
50 
75 
* • 
100 
125 
150 
L.S.B* 
F.W. 
D.W. 
F.W. 
D.W. 
F.W. 
D.W. 
F.W. 
D.W. 
F.W. 
D.W. 
F.W. 
D.W. 
F.W. 
at 5% l e v e l 
D.W. 
67 Root biomass oi 
and dry weight 
ment 
15 
0.038 
+0.0049 
0,00391 
+0,000458 
0.043* 
+0,0059 
"0.0042 
+ 0,000594 
0.022* 
+0,0036 
0,0020* 
+0,000294 
0,034 
+0,0068 
0,00293* 
+0.000474 
0.027* 
+0.0050 
0.00233* 
+0.00039 
0 .031* 
+0.0066 
"0 ,002l» 
+0.00044 
0,027* 
+0,0067 
'0 ,00241* 
+0,000 64-
O.OO484 
0,000471 
r Mp genera t ion in terms of f resh 
under d i f f e r e n t gamma-
s a t d i f f e r e n t i n t e r v a l s . 
Root biomass 
Days a f t e r germination 
30 
0.164 
+0.0259 
0.0244 
+0,00436 
0,1744 
+0,0324 
0.0238 
+0.00397 
0 ,0991* 
+0.0190 
0.0138* 
+0.00283 
0,106* 
+0,0218 
0,01610* 
+0.00286 
0,0837* 
+0,0179 
0.01048* 
+0.0023 • 
0.0610* 
+0.0172 
"0.0098* 
+0.0025• 
0 ,085* 
+0,0275 
"0,0139* 
+0,00429 
0«^0185 
0.003317 
45 
0.407 
+0,0659 
O.O7O6 
+0.01009 
0 .481* 
+0,0891 
"0 ,0773* 
+0,01206 
0.260* 
+0.0596 
0,035* 
+0.00763 
0 ,295* 
+0.0838 
0.0503* 
+0.0129 
0.229* 
+0,0831 
0.0373* 
+0.01213 
0 .221* 
+0.0846 
0.0356* 
+0.0124 
0 .265* 
+0.1082 
"0 .0423* 
+0,01637 
0.0641 
0.00597 
60 
0.889 
+0.1742 
0.1550 
• +0.0280 
0.732 
+0,2035 
"0.1315 
+0.0345 
O.8I3 
+0,2317 
0.134 
+0,0353 
0,822 
+0.2696 
0,1360 
+0.0438 
0,738 
+0,2709 
0.141 
+0.0472 
0.554* 
+0.2273 
0.1035* 
+0.0414 
0.498* 
+0.2521 
"0 ,1025* 
+0,0470 
0,2027 
0.0395 
-ray t r e a t -
120 
3.745 
+0.8563 
0.6530 
+0.1540 
1.637* 
+0.4739 
"0.294* 
+0.0908 
1.299* 
+O.45O6 
0 .2141* 
+0,0700 
1.770* 
+0.9332 
0 .223* 
+O.I48O 
2,032* 
+1,1824 
0 ,388* 
+0,2161 
2 ,528* 
+1.264 
"0,4720* 
+0.2280 
1.797* 
+1.3039 
"0.3696* 
+0,2610 
0,6717 
0,16686 
+ = standard deviat ion, L.S.D. 
* = Significant at 5% l eve l , F. 
= Least s ignif icant d i f ference , 
W. = Fresh Weight, D.W. = Dry Weight 
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Table - 68 Coefficient of var ia t ion for root biomass of 
Mp generation under different gamma-ray 
treatments . 
Doses 
in 
Krad 
Control 
25 
50 
75 
100 
125 
150 
P.W. 
D.W. 
F.W. 
D.W. 
F.W. 
D.W. 
F.W. 
B.V, 
F.W. 
D.W. 
F.W. 
D.W. 
F.W. 
D.W. 
F.W. = 
D.W. = 
15 
12.80 
11.70 
13.90 
14.00 
16.10 
14.70 
19.60 
16.20 
18.50 
16.90 
21.40 
20.6 
24.70 
26.80 
Fresh \ 
Days a f t e r 
30 
15.80 
17.90 
18.60 
16.70 
19.20 
20.50 
20.50 
17.80 
21.40 
22.70 
28.50 
25.80 
32.10 
30.90 
weight 
Dry weight 
germinat 
45 
16.20 
14.30 
18.50 
15.60 
22.90 
21.80 
28.40 
25.70 
36.20 
32.50 
38.30 
34.90 
40.70 
38.70 
ion 
60 
19.60 
18.10 
27.80 
26.30 
28.50 
26.40 
32.80 
31.90 
36.70 
33.50 
41.00 
40.00 
50.60 
45.90 
120 
22.86 
23.59 
28.95 
30.91 
34.69 
32.69 
52.70 
50.51 
58.19 
55.71 
50,00 
48.30 
72.56 
70.61 
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Variation percentage on fresh and dry weight bas is has 
revealed that the t reated progenies showed a considerable decrease 
from that of control (Figure-26) except in one case of 25 krad 
treatment at 30 day old s tage . 
The analysis of coefficient of var ia t ion of 3rd generation 
has revealed that i t shows higher value in higher doses than in 
the lower ones (Table-70), 
The under ground biomass estimation of the 3rd generation 
has revealed that i t follows the same general trend as that of 
upper ground biomass both in terms of fresh weight and dry weight 
(Table-71). 
Pigure-26, shows the per cent var ia t ion in under ground 
biomass of d i f ferent t reatments . Variation percentage goes to the 
highest in 30 day old stage in case of 100, 125 and I5O krad 
treatments^ whereas the highest per cent var ia t ion wsus recorded 
at the l a s t stage in the case of the f i r s t three lower doses. 
However in terms of dry weight the highest value of var ia t ion was 
found to occur in 25 and 50 krad treatment at 45 day old stage and 
so also in 100 and I50 krad treatment. In case of 75 and 125 krad 
treatments a highest per cent var ia t ion has been noted at the 
l a s t stage (Pigure-26). 
The biomass analysis of the different t rea ted progenies in 
different generations on the basis of fresh aid dry weight has 
^ 1 
Table - 69 Shoot biomass of M, generation in terms of fresh 
and dry weight under different gamma-ray treatments 
at different i n t e r v a l s . 
Doses 
in 
Krad 
15 
Shoot biomass 
Days after germination 
30 45 60 120 
Control 
25 
50 
75 
100 
125 
150 
F.W. 
D.W. 
F.W. 
D.W. 
F.W. 
D.W. 
F.W. 
D.W. 
F.W. 
D.W. 
F.W. 
D.W. 
F.W. 
D.W. 
L.S.D. 
at 5% level 
D.W, 
0.611 
+0.1032 
"0.O6O8 
tO.0095 
0.465* 
+0.0843 
0.0567 
+0.0099 
0.575* 
+0.0648 
0.033* 
+0.0060 
0.432* 
+0.0929 
0.0535 
+0.0099 
0.419* 
+0.076 
0.039* 
+0.0085 
0.297* 
+0.0666 
0.030* 
+0.0060 
0.428* 
+0.0934 
0.038* 
±0.0076 
0.0731 
3.267 
+0.5620 
0.3152 
+0.0520 
2.571* 
±0.5219 
0.322 
±0,0506 
1.687* 
±0.4287 
0.253* 
±0.0576 
1.532* 
±0.3661 
0.250* 
+0.0540 
1.057* 
±0.2601 
O.I42* 
+0,0342 
1.105* 
±0.2397 
0.177* 
±0,0368 
1.136* 
±0.223 
0.1957* 
±0.0459 
0.3118 
9.043 
+1.7544 
1.488 
±0.2351 
4.614* 
+0.9828 
0.807* 
±0.1767 
4.562* 
±1.1178 
0,807* 
±0.2163 
5.080* 
±1.0466 
0.866* 
±0.2374 
3.136* 
±1.0477 
0.498* 
±0,1211 
4 .261* 
±1.095 
0,667* 
±0.1582 
4.396* 
±1.389 
0.8203* 
±0.2116 
1.1036 
10.998 
+ 2.4857 
" 2.0827 
+0.4956 
7.485* 
+ 2.1481 
1.727 
± 0.5319 
8.640* 
± 2.6007 
1.767 
+ 0.4683 
7.999* 
± 2.9356 
1.696 
± 0.5783 
6.826* 
± 2.601 
1.425* 
± 0.5089 
4.377* 
± 1.4182 
0.750* 
± 0.2319 
4.785* 
± 1.689 
0.900* 
± 0.3033 
1.8531 
63.648 
+15.9756 
12.0521 
± 2.9520 
.34.151* 
±11.8093 
7.875* 
± 1.7797 
33.400* 
+10.6212 
6.832* 
± 1.762 
29.920* 
±11.040 
6.343* 
± 2.0744 
30.300* 
+12.7560 
6.327* 
± 2.5687 
35.816* 
±13.8611 
6.140* 
± 2.3028 
35.614* 
±14.3205 
6.700* 
± 2.6I3O 
10.9119 
0.00832 0.04473 0.19774 0.4150 2.0643 
± = Standard deviat ion, 1 . 
* = Significant at 5% l eve l , 
S.D. = Least s igni f icant difference 
F.W. = Fresh weight, D.W. = Dry weight 
Table - 70 Coefficient of var ia t ion for shoot biomass of 
M, generation under different gamma-ray 
treatments. 
Doses 
xn 
I r a d 
Control 
25 
50 
75 
100 1 N / * ^ 
125 
150 
F.W. 
[ 
" D.W. 
F.W. 
D.W. 
F.W. 
D.W. 
F.W. 
D.W. 
F.W. 
D.W. 
F.W. 
D.W. 
F.W. 
D,^, 
F.W. = 
D.W, = 
15 
16.90 
15.70 
18.20 
17.50 
17.30 
17.80 
21.50 
18.60 
18.30 
21.80 
22.40 
19.70 
21.80 
20.1 
Days a f t 
30 
17.20 
16.50 
20.30 
15.70 
25.40 
22.70 
23.90 
21.60 
24.60 
24.10 
21.70 
20.80 
25.40 
23.50 
Fresh weight 
Dry weight 
er germinat 
45 
19.40 
15.80 
21.30 
21.90 
24.50 
26,80 
20.60 
27.40 
33.40 
24.3 
25.70 
23.70 
31.60 
25.80 
lion 
60 
22.60 
23.80 
28.70 
3O.8O 
30.10 
26.50 
36.70 
34.10 
38.10 
35.70 
32.40 
30.90 
35.30 
33.70 
120 
25.10 
24.50 
34.60 
22.60 
31.80 
25.80 
36.90 
32.70 
42.10 
40,60 
38.70 
37.50 
40.20 
39.00 
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Table - 71 Root biomass of M^  generation in terms of fresh 
and dry weight under different gaiMia-ray. treatments 
at different i n t e r v a l s . 
Doses 
in 
Krad 
F.W. 
Control 
25 
50 
75 1 • 
100 
125 
150 
D.W. 
F.W. 
D.W. 
F.W. 
D.W. 
F.W. 
D.W. 
F.W. 
D.W. 
F.W. 
D.W. 
F.W. 
D.W. 
F.W. 
L.S.D. 
a t % l e v e l 
D.W. 
15 
0.044 
+0.0074 
0.0044 
+0.00068 
0.029* 
+0.0057 
0,00358* 
+0.00065 
0.025* 
+0,0039 
0.0022* 
+0,00031 
0.0304* 
+0.0052 
0.0037* 
+0.00057 
0.030* 
+0.0056 
0.0028* 
+0.00037 
0.022* 
+0.0048 
0,0023* 
+0,00047 
0,022* 
+0,0045 
0,0019* 
+0,00042 
O.OO5O6 
0,000501 
Root biomass 
Days a f t e r germinat 
30 
0.239 
+0.0435 
0.0230 
+0.00379 
0.162* . 
+0,0253 
0.0203 
+0.0034 
0.112* 
+0.0206 
0,0168* 
+0,0032 
0.107* 
+0.0207 
0.0175* 
+0.0038 
0.077* 
±0.0204 
0.0104* 
+0,0021 
0 .083* 
+0.0198 
0 .013* 
+0,00297 
0.0586* 
+0.0121. 
0.0100* 
+0.0025. 
0.02026 
0.00315 
45 
0,660 
+0.1261 
0.1086 
+0.0219 
0 .291* 
+0.0606 
0 ,051* 
+0.01137 
0 .303* 
+0.0654 
0 .053* 
+0.0137 
0,355* 
+0,0878 
0.0606* 
+0,0158 
0,229* 
+0.0510 
0.0363* 
+0,0104 
0 .321* 
+0.0916 
0,0503* 
+0,0123. 
0 .225* 
+0,0452 
0.0419* 
+0.0113 
0.07542 
0,01286 
ion 
60 
1,006 
+0,2193 
0.1905 
+0.0419 
0.667* 
+0.1628 
0.154* 
+0.0377 
0.684* 
+0.1882 
0.140* 
+0.0327 
0 ,525* 
+0.1551 
0.1115* 
+0.0244 
0 ,553* 
+0,1493 
0 .115* 
+0.0322 
0 .358* 
+0.1029 
0 .061* 
+0.0158 
0.452* 
+0.1476 
0 .085* 
+0.0229 
0.11074 
0,02968 
120 
3.449 
+0.8829 
0.653 
+0,1521 
1.528* 
+0.3470 
0,352* 
+0.0903 
1.607* 
+0.3922 
0 .328* 
+0,0815 
1,191* 
+0,3466 
0,252* 
+0.0679 
1.442* 
+0.4588 
0 .301* 
+0.0828 
1.381* 
+0.5041 
0,236* 
+0,0665 
1.597* 
+0.4919 
0.3005* 
+0.0913 
0.38907 
0.09637 
+ = standard deviat ion, L.S.D. = Least s ignif icant dif ference, 
* = Significant at b% l eve l , F.W. = Fresh weight, D.W. = Dry weight 
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Table - 72 Coefficient of var ia t ion for root biomass of 
M, generation under different gamma-ray 
treatments . 
Doses Days after germination 
in 
Krad 
Control 
25 
50 
75 
100 
125 
150 
F.W. 
D.W. 
P.W. 
D.W. 
P.W. 
D.W. 
P.W. 
D.W. 
P.W. 
D.W. 
P.W. 
D.W. 
P.W. 
D.W. 
15 
16.60 
15.50 
17.30 
18.40 
15.90 
14.20 
17.20 
15.30 
18.50 
16.10 
21.60 
20.5 
20.50 
21.70 
30 
18.20 
16.70 
15.60 
17.10 
18.40 
19.50 
19.30 
21.90 
26.40 
20.20 
23.80 
22.4 
20,70 
25.80 
45 
19.10 
20.20 
20.80 
22.30 
21.60 
25.60 
24.70 
26.20 
22.30 
28.70 
28.50 
24.60 
20.10 
27.00 
60 
21.80 
22.00 
24.40 
24.50 
27.50 
23.40 
29.50 
21.90 
27.00 
27.90 
28.70 
25.80 
32.60 
26.90 
120 
25.60 
23.30 
22.70 
25.60 
24.40 
24.80 
29.10 
26.90 
31.80 
27.50 
36.50 
28.10 
30.80 
30.40 
P.W. = Presh Weight 
D.W. = Dry Weight 
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il5 
been depicted in Pigure-27 both in terms of fresh and dry weight. 
The biomass content has heen found to be l e s s in the 1st genera-
t ion compared to the 2nd generation. In the 3rd generation the 
same has been found to decrease but not t o the level of 1st 
generation except in the case of 25 icrad treatment in which the 
biomass content of 3rd generation was found t o be lesser than 
what was recorded in the 1st generation, 
Figure-28, shows the dry matter d i s t r ibu t ion in the root 
and shoot of the different t reated progenies in different gene-
ra t ion along with that of cont ro l . The 25 israd treatment of M^  
generation had shown a higher dry matter content per cm of root 
than the o thers . The same treatment in 2nd generation had brought 
about a decl ine in root biomass d i s t r ibu t ion and t h i s was followed 
by a r i s e in M- generation. But in the case of shoot system the 
biomass d i s t r ibu t ion was found to be the highest in the 2nd 
generation and not in the 1s t , Under 50 Icrad treatment, the 2nd 
generation recorded the lowest value for dry matter d i s t r ibu t ion 
per cm length of root system while the 3rd generation recorded the 
h ighes t . However, in the case of shoot system, i t was found that 
the 2nd generation showed a be t t e r biomass value per cm than the 
1s t , while the highest was found in the 3rd generation. In the 
r e s t of the treatments the root biomass value followed a similar 
trend in having the highest value in 2nd generation which was 
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followed by 3rd, while the 1st recording the lowest. The biomass 
content of shoot system per cm l^ ig tb of shoot axis has revealed 
that in 75 krad treatment the trend followed that of 5Q Is^ rad 
treatment while in the r e s t , highest value has been noted in 2nd 
generation and the lowest in the 1st (Figure-28), 
The water holding capacity of the different t rea ted 
progenies as well as control was calculated on the basis of water 
©ontent per gram of dry matter. The Figure-29 i l l u s t r a t e s the 
water holding capacity of the different t rea ted progenies in the 
d i f ferent generations. In M^  generation the water holding capa-
ci ty gradually increases with the increasing in tens i ty of doses. 
The high in tens i ty doses l i ke 100 krad and above, the water 
holding capacity showed a higher value than tha t of cont ro l , the 
increase being as high as 85«67 per cent in case of 125 krad 
treatment . In the f i r s t three treatments of lower doses, the 
water content per gram of dry matter f e l l short of the control 
(Pigure-29). In the 2nd generation the water holding capacity 
was found to be l e s s in higher doses compared to 1st generation 
and to that of cont ro l . However the same was found to be h i ^ e r 
in 50 and 75 krad treatments than cont ro l . In 3rd generation, 
again the 125 krad treatment showed a higher value of water con-
tent than that of cont ro l , while the I5O krad treatment recorded 
a minor increase over that of cont ro l . In the r e s t of the t r e a t -
ments the water content was found to be l esse r than, that of the 
cont ro l . 
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Reproductive Phase:-
The l inseed crop generally enters i t s reproductive phase 
by the 8th week after sowing but the high in tens i ty progenies 
flower a l i t t l e l a t e r i . e . in the 9th or 10th week af ter sowing. 
The f l o ra l branches developing af ter 8 weeks of vegetative growth 
in control as well as in low in tens i ty doses, flower in acropetal 
order. 
The number of flowers per plant when compared in different 
treatments has revealed that the t reated progenies dif fer s i g n i -
f icant ly from that of control in having l e s se r number of flowers 
per p l an t . The progeny of 25 krad treatment proved t o be an 
exception to the above as i t produced no s igni f icant reduction in 
number of flowers compared to tha t of control (Table-73). 
Analysis of coefficient of var ia t ion does not show the 
same t r ^ d as i t did in the other parameters studied under vegeta-
t ive phase. The var ia t ion has been found t o be very wide in the 
low in tens i ty doses while the high in tens i ty doses showed lesse r 
var ia t ion within the population (Table-73)• 
Figure-30 indicates the per cent var ia t ion of flower 
number in M^  generation. There is a considerable reduction in 
the number of flowers per plant in the t rea ted progenies. 
l is 
Table - 73 Effect of different gamma ray doses on the 
reproductive phase of Linum usitatissimum 
L. var . Mukta in M^  generation. 
Doses in Number of flowers and f r u i t s per plant 
Krad Flowers ^^^^^s 
Mean CV Mean CY 
43.52 '^^•'^5 51.15 
±38.74 
69.67 ^°*^5* 74.07 
±37.43 
Control 
25 
50 
75 
100 
125 
150 
L.S.D. at 
3% l eve l 
1 \^\f • {j\j 
± 43.81 
76.73 
± 53.46 
53.13* 
± 31.32 
52.40* 
± 27.28' 
72.07* 
± 46.77 
54.00* 
± 24.01 
53.75* 
± 20.76 
25.672' 
58.94 ^ ^ • ^ ° * 68.92 
+17.92 
52.06 ]^ '^?* 68.78 
+13.11 
64.89 ^•'"''^* 93.16 
+ 6.27 
6.400* 
44.46 8O.3I 
± 5.14 
7.13* 37.20 91.44 
+ 6.52 
16.6464 
± = Standard deviation 
L.S.D. = Least s ignif icant difference 
» = Significant at 3% level 
GV = Coefficient of var ia t ion 
i^y 
Frui t s e t : -
All flowers which bloomed in a plant did not develop 
in to f r u i t s under a l l treatments as well as in con t ro l . The 
f ru i t number, as compared to cont ro l , has been found to be 
s ignif icant ly l e s s under a l l treatments (Table-73)f the percen-
tage being quite high touching up to 9695 under high in tens i ty 
doses (Pigure-50)» 
The analysis of coefficient of var ia t ion has shown qui te 
a high value under high in tens i ty doses ind ica t ing the degree of 
var ia t ion within the population in f ru i t s e t t i n g as induced by 
gamma-ray treatment (Table-73). 
Number of seeds ; -
Number of seeds per f ru i t and per plant were also analysed 
under different t reatments, Table-74 summarises the r e su l t s 
regarding the above. I t i s c lear from the data that both, the 
number of seeds per f ru i t and the seeds per p lant ,decrease 
s ign i f ican t ly under the different treatments compared to that of 
con t ro l . 
Similarly the seeds weight also went down to a s ignif icant 
extent under a l l t reatments, compared to control except in a 
s ingle case of 125 krad treatments (Table-74). 
50 
Yield: -
When the yield was calculated on tne bas i s of seed weight 
per plot i t has been found that the t reated progenies in the M^  
generation yielded s ignif icant ly l e s s quantity of seeds per plot 
compared to that of control (Table-74). The per cent var ia t ion 
ca lcula ted in t h i s regard (seeds per f r u i t , seeds perplant , weight 
of 1000 seeds and seed yield per p lo t ) has been given in Figure-30, 
I t i s c lear from the figure that the yield per plot has gone down 
considerably in the t reated progenies. The percentage of loss 
has been calculated to be as high as 82,82/^ even in a dose l i k e 
that of 50 krad treatment. Under high in tens i ty doses (100, 125 & 
150 krad) the reduction in yie ld has gone up to 98 and 99 per cent 
(Figure-30) . I t i s noteworthy here that the weight of seeds per 
f 1000^ has shown a s l ight improvemoit under high doses l i k e 125 and 
150 krad treatments compared to cont ro l , although the seed number 
per f ru i t and seeds per plant have gone down badly (Figure-30), 
Table-75 shows the value of coefficient of var ia t ion in 
the different populations in regard to seed number and seed weight. 
Here also the number of seeds per plant showed high degree of 
var ia t ion within the different populations under different t r e a t -
ments. But the seed weight var ia t ion did not show the same t rend. 
e l l 
Table - 74 Effect of different gamma ray treatment on the 
yield of Linum usitatissimum L« var . Mukta in 
M^  genera t i a i . 
Doses Number of seeds Weight in grams 
i n 
Krad 
Control 
25 
50 
75 
100 
125 
150 
L.S .D. 
a t 5% 
l e v e l 
Per f r u i t 
7.802 
+0.952 
5*916* 
+0.992. 
4 .628* 
+1.404. 
3 .681* 
+0.923-
3.076* 
+1.739 
2.414* 
+0.521 
2.270* 
+0.480 
0.7561 
Per p lan t 
590.8 
+302.27 
298.9* 
+212.97 
120,3* 
+ 78.67 
70.10* 
1 51.53 
20.70* 
t 18.45 
15.40* 
+ 13.27 
16.10* 
+ 14.07 
70.8351 
1000 seeds 
11.17 
+0.263 
10.311* 
+ 0.257 
10.24* 
+ 0.317 
10.513* 
+ 0,420 
I I .6O3* 
+ 0.545 
11.255 
+ 0,438 
11.396* 
+ 0,362 
0.2024 
1 
+ 
I 
+ 
+ 
+ 
+ 
+ 
+ 
s e e d s / p l o t 
647.06 
49.564 
289.69* 
23.030 
110.86* 
10.110 
50 .11* 
5.421 
12.48* 
1.427 
6.930* 
0.882 
2.752* 
0.435 
9.9810 
+ = standard deviation 
L.S.D. = Least s ig i i f i can t difference 
* = Significant at 3% level 
0 (^ 
Table - 75 
Boses 
in 
Krad 
25 
50 
75 
100 
125 
150 
Coefficioit of var ia t ion for y ie ld of M^  
generation of Linum usitatissimum L, 
var» Mukta under different gamma ray 
treatment. 
No. of seeds/ No. of seeds/ Weight of +!ff«f^L?f Ai«4. 
f ru i t Plant 1000 seeds ^""^^ seed^lot 
Control 11.95 
16.78 
30,55 
25.08 
56.55 
21.59 
21.16 
51.16 
71.25 
65.39 
73.50 
89.13 
86.16 
87.41 
2.35 
2.49 
3.09 
3.99 
4.69 
3.89 
3.17 
7.66 
7.95 
9.12 
10.82 
11.44 
12.73 
15.81 
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Mp genera t ion: -
The p lan ts of Mp generation developed f lo ra l buds in the 
7th week af ter sowing. The number of flowers per plant in Mp 
generation s igni f icant ly differed from that of control in the 
dif ferent t reated progenies except the 125 krad treatment. The 
analysis of coeff icient of var ia t ion has shown a h i ^ value for 
the 2nd generation* Under a l l treatments the value of CV happened 
t o be high compared to ccxitrol except the 50 krad treatment in 
which i t was found to be l e s s both in terms of flower per plant as 
well as f ru i t per plant (Table-76), 
The flowering snd f ru i t i ng , when compared, i t has been 
found that i t i s l e s s in the t rea ted progenies than in the control 
(Figure-31). Similarly the seed weight and the yield in 2nd 
generation have shown that there i s a s igni f icant reduction in seed 
weight under 25, 50, 125 and I5O krad treatments, while in 75 and 
100 krad treatments, the seed weight did not d i f fer compared to 
con t ro l . However the number of seeds per plant and the seed yie ld 
per plot showed that the gamma-ray treatments affect the seed out 
put and the yie ld per plot to a s ignif icant level compared to 
control (Table-77)* 
Figure-31 shows the per cent var ia t ion in seed number and 
seed weight under different t reatments. Both the seed number as 
well as the yield showed a high reduction in the t rea ted progenies. 
•"5 ' : 
Table - 76 Effect of different gamma-ray doses on the 
reproductiwe phase of Linum usitatissimum L« 
var , Mukta in M^ generation. 
Doses Number of flowers and f r u i t s per plant 
^ ^ ^ Mean CV Mean CV 
54.69 
79.33 
38.80 
66.66 
66,85 
64.28 
75.45 
Control 
25 
50 
75 
100 
125 
150 
L.S.D, at 
3% l eve l 
99.00 
+40.11 
56.73* 
+41.73 
47.6* 
+17.69 
45.06* 
+20,56 
59.06* 
+41.67 
74.00 
+41.29 
59.40* 
+46.98 
30.721 
40.51 
73.55 
37.16 
45.62 
70,55 
55.79 
79.09 
70,83 
±38.74 
44.33* 
+35.17 
33.53* 
+13.01 
30,06* 
±20.04 
40.73* 
±27.23 
46.20* 
+29.70. 
37.60* 
+28.37 
19.788 
+ = Standard deviation 
L,S.D. = Least s ignif icant difference 
* = Significant at 5% level 
CV = Coefficient of var ia t ion 
1 dd 
Table - 77 Effect of different gamma ray treatment on the 
yield of Linum usitatissimum L« var . Mukta in 
Doses 
in 
Krad 
Cont ro l 
25 
50 
75 
100 
125 
150 
L.S .D. a t 
3% level 
Mp generat 
Number of 
Per f r u i t 
7.733 
±0.941 
6.173* 
+0.554. 
5.853* 
+0.913 
6.466* 
+1.402. 
6.893* 
+0.639 
5.30* 
+0.822 
5.50* 
+1.048 
0.7138 
ion . 
seeds 
Per p lan t 
547.72 
4270.65 
273.6* 
+2I6.O5 
196.20* 
+ 7 4 . 9 1 . 
194.3* 
+116.38 
280.7* 
+172.32 
2 4 5 . 1 * 
+132.65 
206.8* 
+143.0 
120.42 
W e i ^ t in 
1000 seeds 
10,45 
+ 0,304 
9 .853* 
+ 0.284 
11 .21* 
+ 0.403 
10.48 
+ 0.388 
10.64 
+ 0.425 
11.26* 
+ 0.439 
10.85* 
+ 0,379 
0,2850 
grams 
Seeds /p lo t 
561.18 
+ 30.89 
248.94* 
+ 18.376 
208.94* 
+ 18.010 
195.64* 
+ I7.8O3 
259.96* 
+ 25.268 
242,95* 
+ 21.695 
213.25* 
+ 22.305 
19.511 
+ = standard deviation 
L.S.D. = Least s iga i f icaa t difference 
* = Significant at 3% level 
Table - 78 Coefficient of var ia t ion for yield of Mg 
generation of Linum usitatissimum L, var . 
Mukta under different gamma ray treatment. . 
Doses Number of Number of Weight of Weight of 
in seeds / f ru i t seeds/plant 1000 seeds t o t a l seeds 
Krad in grams in grams/plot 
Control 12.17 4-9.41 2.90 7.11 
25 
50 
75 
100 
125 
150 
8.97 
15.60 
21.69 
9.27 
15.50 
19.05 
78.94 
38.18 
59.89 
61.38 
54.12 
69.14 
2.88 
3.59 
3.70 
4.00 
3.89 
3.49 
7.41 
8.62 
9.10 
9.72 
8.93 
10.46 
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Table-78 shows the analysis of coeff icient of va r ia t ion 
in regard t o seed number and seed weight. 
M, generat ion-
Table-79, i l l u s t r a t e s the number of flowers and f r u i t s per 
plant of the progenies under different t reatments . The number of 
seeds per plant were analysed in 3rd generat ion. I t has also 
shown that there has been a considerable reduction in the t rea ted 
progenies even in the 3rd generation, ind ica t ing the effect of 
ionizing radia t ion to prolong even after 2nd generation t o a s i g -
ni f icant level (Table-80, Figure-32), although the coeff icient of 
var ia t ion goes around the control (Table-81). The number of seeds 
per f ru i t did not d i f fer to a s ignif icant level in the different 
t rea ted progenies except in the two higher doses l i k e 150 and 125 
krad t reatments . But the seed number per plant differed t o a 
s ignif icant level in 3rd generation under a l l treatments compared 
t o control* The seed weight per thousand also showed s ignif icant 
reduction in the different t reated progenies in M, generation 
compared to that of cont ro l , with the exception of I50 krad t r e a t -
ment. As a consequence of the above the seed out put in terms of 
seed weight showed s ignif icant reduction under a l l t reatments 
compared to control even in the 3rd generation, indica t ing the 
prolonged effect of gamma-ray treatments (Table-80), 
|to 
^0 
Table - 79 Effect of different gamma ray doses on the 
reproductive phase of Ljjium usitatissimum L, var . 
Mukta in M, generation. 
Doses Number of flowers and f r u i t s per plant 
in . 
^ra^ Mean GV Mean CV 
73.15 
40.27 52.95 
±38.74 
31.80* 
48.14 56.63 
+18.01 
37.73* 
62.36 60.87 
+22.97 
42.46* 
58.64 56.19 
+23.86 
30.26* 
47.70 49.53 
+14.93 
29.73* 
52.99 51.93 
+15.44 
32.46* 
54.16 52.03 
+16.89 
18.438 
+ = Standard deviat ion, L.S.D. = Least s ignif icant difference 
* = Significant at 5% level 
CV = Coefficient of va r i a t ion . 
Control 
25 
50 
75 
100 
125 
150 
L.S.D. at 
3% level 
94.78 
+38.17 
48,00* 
+23.11 
64.80* 
+40.41 
73.13 
+42.89 
56.53* 
+26.97 
48,40* 
+25.65 
50,86* 
+27.55 
29.106 
Table - 80 Effect of d i f fe ro i t gamma ray treatment on the 
yield of Linum usitatissimum L. va r . Mukta in 
M, generation. ' 
Doses 
in 
Krad 
Number of seeds Weight in grams 
Per f ru i t Per plant 1000 seeds seeds/plot 
Control 
25 
50 
75 
100 
125 
150 
L.S.D* 
a t 
5^ l e v e l 
7.60 
+0.953 
7.18 
+0,598 
7.50 
+0,592 
7.06 
+0.693 
7.40 
+0.789 
6.94* 
+0.938 
6 .71* 
+O.9O6 
0.548" 
556.37 
+273.81 
228.3* 
+122.06 
282.9* 
+142.50 
300.0* 
+158.98 
223.9* 
+115.44 
206.3* 
+117.98 
273.9* 
+117.98 
111.635 
10.86 
+ 0.309 
9 .909* 
+ 0,258 
10,203* 
+ 0.255 
9 .945* 
+ 0.288 
11.763* 
+ 0.337 
11.774* 
+ 0.348 
10,998 
+ 0.329 
580.31 
+ 40.621 
214 .91* 
+ 15.902 
277.10* 
+ 19.258 
286.41* 
+ 2O.5O6 
244.94* 
+ 20.232 
228,33* 
+ 21,691 
286,16* 
+ 25.325 
0,2439 19.8916 
+ = Standard deviation 
l .S .D. = Least s i ^ i f i c a n t difference 
* = Significant at 5^ l e v e l . 
160 
Table - 81 Coefficient of var ia t ion for the yield of M^  
generation of Linum usitatissimum L. var . 
Mukta under different gamma-ray treatment. 
Doses Number of Number of Weight of 
in seeds/frui t seeds/plant 1000 seeds 
Krad in grams 
Weight of 
t o t a l seeds 
in grani/plot 
Control 
25 
50 
75 
100 
125 
150 
12.55 
8.52 
7.89 
9.81 
10.66 . 
13.52 
13.49 
49.21 
53.43 
50.37 
52.99 
51.55 
57.18 
41.66 
2.84 
2.60 
2.50 
2.89 
2.86 
2.95 
2.99 
7.00 
7.40 
6.95 
7.16 
8.26 
9.5 
8.85 
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Figure-32 shows the per cent var ia t ion in seed out put 
and seed yield of the 3rd generation while Table-81 shows the CV 
value within population. 
Reproductive Capacity;-
The reproductive capacity was calculated for the control 
as well as for the different t rea ted progenies. While control 
showing a value of 578.9, the gamma-ray t reated progeny ev®a at 
i t s lowest level showed 274.98, The value of reproductive capacity 
f a l l s badly with the increasing in tens i ty of doses. The lowest 
value for reproductive capacity in the present study (13,55) has 
been obtained under 125 Icrad treatment. When the same was calcu-
la ted for 2nd generation the value showed a considerable Improve' 
ment recording be t t e r values of reproductive capacity (Table-82), 
The data col lected in the present study show/reproductive capacity 
of a seed plant i s highly affected by gamma-ray treatment . 
IGI 
Table - 82 Changes in the reproductive capacity of 
Linum usitatissimum L» var , Mukta after 
gajnma-ray treatment in different 
generat ions. 
Doses in 
Krad 
Control 
25 
50 
75 
100 
125 
150 
Reproduct ive 
M. 
578. 
274. 
1 U . 
67. 
18. 
15. 
1 
.98 
.98 
,28 
.29 
.009 
• 5 5 
15.29 
capac i ty 
^ 
525.81 
259.92 
108.35 
186.52 
261.05 
232.84 
196.46 
S 
516.42 
281.64 
204.35 
212.52 
291.05 
262.84 
216.46 
Var la t ion : -
The morphological and anatomical va r ia t ions caused by 
gamma-ray treatments in the different generations have been 
studied, using cer ta in morphological, anatomical and f l o r a l 
characters as parameters. 
The plants of M generation of 25 krad treatment were a l l 
e rec t , while those of other treatments showed erect as well as 
lodged to semi-lodged h a b i t s . In higher doses l ike 100, 125 and 
150 krad, the number of lodged and semi-lodged individuals were 
very high compared to lower doses ( P l a t e - I l ) , In the subsequent 
(Mp and M-) generations no lodging was not iced. 
The shoot apices of the t reated progeny in the M^  genera-
t ion showed various morphological modifications, the number of 
such abnormalities being proport ional i ty high in higher doses. 
Among the anomalies noted, condensation of shoot apices , conver-
sion of the apex into l e a f - l i k e bodies, apex ge t t ing twisted to 
take curvature or bending were noticed to be the most common ones 
( P l a t e - I l l & IV). 
The shoot axis has often been noticed to bifurcate in the 
t rea ted progenies especially in higher doses. Various other 
abnormalities in branching of the shoot axis have also been 
observed in the t reated progenies. The branching t^as observed 
1 r-> '•: 
to occur at any point on the shoot axis without showing any 
re la t ionsh ip to leaves (Plate-IVB)» Branches have also developed 
in the internodal regions as well as from the hypocotyle of the 
p l a n t s . Such abnormal adventi t ious branches have been noticed to 
a r i s e in large number in higher doses even at l a t e r stages of 
growth such as af ter flowering and f ru i t development. Such 
branches remained short and had borne narrow small leaves . In 
addition to the above a cha rac t e r i s t i c swelling occurred in the 
hypocotylife region which developed in to a nodule l a t e r . The plants 
which showed such swelling generally showed lodging. In general 
such p lants having such regions had become b r i t t l e which often 
led to brealcage of the stem at the base. 
Several abnormalities have been noted in the fol iage leaf 
which ranged from reduced s t ructure t o t r i f u r c a t e bodies 
(P l a t e - I I IG) . 
Occurrence of variegation happens to be another frequent 
abnormality in the M^  generation of the different t reatments . 
Total to p a r t i a l variegation has been noted under different t r e a t -
ments of the M. generation. Most of the variegated p lants did not 
survive and therefore, the i r subsequent goaerations could not be 
s tud ied . 
The phenomenon of fasciat ion was frequently met with in 
the different higher doses l i k e 100, 125 and I50 krad treatments 
,/> it-' 
( P l a t e - I l l A,B,D & Plate-IVA). No such phenomenon could be 
observed in ccaatrol as well as in lower doses. In general , no 
abnormal s t ructure of morphological nature was noted in the M 
and M_ generations i r respec t ive of the in tens i ty of the doses 
5 
involved in the treatment, 
F lo ra l v a r i a t i o n : - A number of qua l i t a t ive va r ia t ions have been 
observed to occur in the f lo ra l p a r t s . No quan t i t a t ive analysis 
coluld be made of t h i s var ia t ion as t he i r occurrence did not follow 
any t rend. Some of the observations are recorded below. The s ize 
of the pedicel has been found to be generally shorter in the t r e a -
ted progenies than in the control (Table-83), 
The flowers showed abnormalities in having more number of 
sepals and pe ta l s thsui the normal number f ive . The s ize has also 
been noted to vary to a great extent in the abnormal flowers than 
in the normal types, frequently fusion of several sepals and 
pe t a l s also has been observed in cer ta in cases , All these abnor-
mal i t ies were of frequent occurrence in higher doses than in the 
lower ones. 
The fasciated branches also showed flowering. The i n f l o r e -
scence developing on such branches were noted to be highly condens-
ed and they behaved l i k e v e r t i c i l l a t e or head l i k e s t ruc tu re s . 
The flower developing on such abnormal inflorescence showed 
iSB 
Table - 83 Changes in pedicel length of Linum usitatissimum 
L. var , Mukta af ter gamma-ray treatment in 
different generat ions. 
Doses in 
Krad 
Control 
25 
50 
75 
100 
125 
150 
Ii»S»D 0 a t 
3% l e v e l 
Ped i ce l 
^ 
2.66 
+0.651 
2 .06* 
+0.564 
2 . 1 1 * 
+0.554 
2.69 
+0.868 
2.273* 
+0.762 
2.159* 
+0.680. 
1.859* 
+0.476 
0.3214 
l eng th in cm. 
^2 
2.69 
+0.601 
2.59 
+0.554 
2.88 
+0.564 
2.79 
+0.714 
2.71 
+0.801 
2.78 
+0.844 
2.88 
+0.729 
0.3423 
S 
2.50 
+0.654 
2.61 
+0.439 
2.58 
+0.425 
2.32 
+0.502 
2.38 
+0.50 6 
2.40 
+0.614 
2.50 
+0.461 
0.2621 
+ = standard deviation 
L.S.D, = Least s ign i f icaa t difference 
* = Significant at 3% l e v e l . 
iS7 
p a r t i a l to fully fused condition* In such a group of closely 
packed bunch of flowers, the ident i ty of individual flowers often 
got los t and the resu l t ing body appeared to be quite i n t e r e s t i n g . 
The seeds collected from such abnormal flowers did not give r i s e to 
the same condition, in the 2nd generation, a l t h o u ^ the seeds 
developed in to fu l l fledged p lants and flowered. 
Pollen v i a b i l i t y ; 98 to 100 per cent pollen were found to be 
v iable and f e r t i l e in the control set of p l a n t s , while the t rea ted 
progenies showed different degrees of male s t e r i l i t y , Figure-33 
shows the posit ion of pollen f e r t i l i t y under different t reatments . 
The radia t ion treatmoit happens to be so damaging that even the 
lowest dose has caused serious damage to the pollen f e r t i l i t y . 
The f e r t i l i t y f e l l to the minimum of 2 per cent in the highest dose 
of I5O krad treatment. 
The pollen f e r t i l i t y of 2nd and 3rd generations showed, as 
high a percentage, as that of control , indica t ing that the damage 
caused by the radiat ion treatment i s not permanent (Figure-33). 
The radia t ion treatments have also been noticed to affect the 
f ru i t s e t t i ng and seed development, A large percentage of flowers 
developed in to abnormal f r u i t s containing papery seeds. Such 
f r u i t s remained small and shr ive l led . Figure-34 shows the percen-
tage of abnormal seeds set under the different t reatments . 
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Anatomical variat ions:-- A ifumber of anatomical var ia t ions have 
been observed to develop in the shoot axis both in the ground 
t i s s u e as well as in the vascular region. Some of the abnormali-
t i e s have been studied quant i ta t ive ly while many of them were 
recorded as mere qua l i t a t ive va r ia t ions as they were not of any 
quant i ta t ive na ture . 
Gross anatomy?- The shoot axis of the d i f ferent treatments in 
t ransact ional view has shown that the ground t i s sue cons t i tu t ing 
the p i th region and the cortex p ro l i f e r a t e to give r i s e to wider 
pith and cortex in the t reated progenies, while the xylem cylinder 
remains thinner than in the cont ro l . In a l l the t reated progenies, 
the thickness of shoot axis happens to be s igni f icant ly narrow 
compared to that of control under a l l treatments and at a l l height 
leve ls studied (Table-84). Table-85 gives the proport ional area 
of cortex xylem and pi th in the shoot axis at different height 
l e v e l s , under different t reatments . The c o r t i c a l region shows the 
I increasing order of expansion from the hypocotylef region to the 
upper region of the plant in control as well as under the lower 
doses. At higher doses t h i s increasing trend of co r t i ca l area 
from base to apjffex i s ge t t ing disturbed but ra ther reversed under 
100 and I5O krad treatment in which the c o r t i c a l area in hypoco-
/ t y l ^ region has been noticed to be larger than at the higher leve ls 
of the shoot ax i s . The pith region showed a reversed trend to that 
tm 
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Table - 84 Transectional area (mm ) of shoot axis of 
Linum usitatissimum L, var . Mukta at various 
height l eve l s of p lants of M^  generation imder 
different gamma-ray doses. 
Transectional area (mm ) of shoot axis Doses 
in 
Krad Hypoootyle Base Middle Upper 
Control 
25 
50 
75 
100 
125 
150 
L.S.D. at 
5% level 
37.35 
+ 3.1374 
29.83* 
i 2.983 
24.71* 
+ 2.9652 
22.00* 
± 3.52 
19.42* 
+ 3.884 
16.27* 
± 3.9054 
10.23* 
4 3.069 
2.2689 
33.25 
+ 2.992 
26.74* 
+ 2.8344 
21.80* 
± 2.834 
17.41* 
+ 2.8204 
15.69* 
+ 3.0752 
12.09* 
± 2.875 
8.66* 
+ 2.978 
2.0089 
21.97 
± 1.7576 
18.40* 
+ I.8O52 
17.40* 
+ 2.02 
14.41* 
+ 2.4496 
12,73* 
1 2.5968 
8.72* 
+ 2.4416 
7.50* 
+ 2.43 
1.8732 
14.04 
± 1.2354 
9.56* 
± 0.956 
9.04* 
+ 1.1208 
7.96* 
+ 1.3212 
6.54* 
+ I.3O8 
5.40* 
+ 1.404 
5.52* 
+ 1.7442 
0.9448 
+ = Standard deviation 
L.S.D. = Least s ignif icant difference 
* = Significant at 5% level 
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Table - 85 Proportional area {%) of Cortex, xylem cylinder 
and pith in the shoot axis of Linum usitatissimam 
L# var . Mukta at different height leve ls of 
plants of M^  generation t rea ted with different 
gamma-ray doses. 
Doses 
in Krad 
Control 
25 
50 
75 
100 
125 
^" • 
150 
• -/^ 
H 
B 
M 
U 
H 
B 
M 
U 
H 
B 
M 
U 
K 
B 
M 
U 
H 
B 
M 
U 
H 
B 
M 
U 
H 
B 
M 
U 
Proport : 
Cortex 
17. 
27. 
25. 
26, 
.28 
.27 
.34 
.29 
25.84 
27. 
33. 
38. 
31. 
31. 
37. 
34. 
33. 
.31 
.34 
.96 
.90 
.50 
.89 
.23 
.58 
42.89 
51. 
59. 
46. 
.51 
• 6 4 
.24 
30,84 
28, 
42, 
43 . 
38. 
38, 
47 . 
,62 
.53 
.24 
,68 
43 
10 
52.89 
40.89 
35. 
44 . 
20 
10 
iona l Area : in Percentage 
Xylem 
82, 
71. 
67. 
53, 
74. 
71, 
49, 
35. 
67. 
65. 
43. 
.53 
.67 
.25 
.44 
.01 
.60 
.44 
.29 
.96 
.38 
.37 
36.90 
66< 
52, 
.34 
,90 
36.40 
27. 
53. 
68, 
67. 
38. 
52. 
58, 
4 3 . 
37. 
.53 
,60 
,12 
.35 
,61 
.39 
,28 
90 
36 
46.31 
55. 
53. 
42 . 
50 
77 
08 
P i t h 
0,18 
1.04 
7.39 
20,18 
0.13 
1.08 
17.20 
25.74 
0,11 
3.15 
18.72 
28.86 
0.06 
4 .20 
12.08 
12.81 
0,15 
1.05 
4 .02 
18.85 
4 .35 
3.03 
17.66 
15.52 
0.79 
3.60 
11.02 
13.81 
H = Hypocotyle, B = Base, M = Middle, U = Upper 
1^. 4 i 
of cortex iii having higher proportional area up the stem than at 
the base. This increase in pi th proportion has been followo<i t o 
follow the same trend under a l l t reatments . 
The area of xylem cylinder has been noticed to f a l l from 
base to apex in the shoot axis under a l l treatments including the 
con t ro l . Compared to that of control , the t rea ted progenies showed 
thinning of xylem cylinder under a l l t reatments , the degree of 
thinning being more under high doses than in the lower ones, 
Table-86 shows the shoot axis thickness in M generation. Here 
also the t reated progenies remained si@iificantly thinner than that 
of control under a l l t reatments. Table-87 gives the proportional 
jarea of cortex, xylem and pith at different height l eve ls of the 
Mp progenies. The trend exhibited by cortex has been noticed to be 
the same as in control under a l l t reatments . The pi th region also 
followed the same trend as that of cont ro l , although i t showed a 
l a rger proportion under higher doses. The area of xylem cylinder 
showed a p a r t i a l recovery in the 2nd generation and followed the 
same trend as in the cont ro l . 
Table-88 shows the thickness of the stem at d i f ferent height 
l eve l s of the plants in the 5rd generation, All the t reated 
progeny except that of 25 krad showed ' s ign i f i can t ly narrow stem 
compared to that of the cont ro l . In 25 krad treatment the base 
and apex had s igni f icant ly lesser thickness compared to control 
while the hypocotyl^ and the middle region did not d i f fer to any 
s igni f icant extent in the thickness to that of con t ro l . 
•I ^ f > 
<J . ^ y 
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Table - 86 Transectional area (mm ) of shoot axis of 
Linum usitatissimum L, var . Mukta at various 
height l eve l s of p lants of M^  generation 
under different gamma-ray doses. 
Doses Transectional area (mm2) of shoot axis 
in 
Krad 
Contro l 
25 
50 
75 
100 
125 
150 
L.S.D. 
a t 5% 
l e v e l 
Hypocotyle 
36.61 
+ 3.7342 
32.06* 
+ 3.5264 
23.69* 
+ 2.8428 
26.06* 
+ 3.1792 
24 .91* 
± 3 . 7 8 6 
25.25* 
+ 4.2924 
30 ,81* 
+ 5.73O6 
2.8702 
Base 
31.82 
+ 3.0546 
11.35* 
+ 1.203 
9 .22* 
+ 1.1616 
10.33* 
+ 1.2396 
10,77* 
+ 1.5724 
12.10* 
+ 1.9602 
13.79* 
+ 2.3718 
1.2058 
Middle 
19.95 
± 1.6758 
8 .23* 
+ 0.8888 
7 .25* 
+ 0.9424 
7 .08* 
+ 0,8778 
6.64* 
+ 0.996 
6.77* 
+ 1.1238 
8 .67* 
+ 1.5258 
0.8931 
Upper 
12.63 
+ 1.2376 
5.05* 
+ 0.5656 
4 .27* 
+ 0.5464 
3.69* 
+ •0.4722 
4 .00* 
+ 0.592 
3.52* 
+ 0.5638 
6,37* 
+ 1,1466 
0.4789 
+ = standard deviation 
L.S.D. = Least s ignif icant difference 
* =: Significant at 5^ level 
Table - 87 Proportional area (%) of Cortex, Xylem 
cylinder and Pith in the shoot axis of 
Linum usitatissimum L, var Mukta at 
different height l eve l s of p lants of Mg 
generation t reated with different 
gamma-ray doses. 
Doses 
i n 
Krad 
Control 
25 
50 
75 
100 
125 
" ^ -/ 
150 
' • ^ 
H = Hypoc 
H 
B 
M 
U 
H 
B 
M 
U 
H 
B 
M 
U 
H 
B 
M 
U 
H 
B 
M 
U 
H 
B 
M 
U 
H 
B 
M 
U 
!0tyl€ 
P ropo r t i ona l Area 
Cortex 
16.46 
27.32 
26.79 
29.41 
12.89 
27.31 
32.23 
32.35 
26.07 
34.67 
30.37 
35.49 
24.61 
25.33 
33.46 
29.37 
19.32 
26.66 
28.88 
24.82 
21.15 
28,65 
28.24 
33.20 
19.75 
25.17 
26.95 
27.66 
}, B = Base, M 
in Percentage 
Xylem 
83 .35 
70 .56 
64.25 
48.62 
86 .86 
70.38 
50.10 
40.18 
73.44 
60,00 
47 .66 
30.51 
74.73 
70.69 
44.14 
37.55 
80 ,65 
69.93 
52.47 
48.20 
78.82 
69.41 
54.23 
48.70 
8O.I5 
73 .55 
60.15 
45.83 
= Middle, U = 
P i t h 
0.19 
2.12 
8.96 
21.97 
0.24 
2.29 
17.65 
27.46 
0.474 
5.32 
21.96 
33.99 
0.644 
3.97 
22.39 
33.06 
0.024 
3.39 
18.63 
26.97 • 
0.013 
1.93 
17.52 
18.08 
0.09 
1.275 
12.89 
26.49 
Upper 
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Table-89 shows the proportional area of cortex, xylem and 
pi th in the different progenies of the M generation* A glance at 
the da ta provided indicate&that the xylem cylinder has recovered 
fully from the thinning effect of i r r ad ia t ion in the 3rd generation. 
Cortex;- The perivascular f ibres which are of economic importance 
have been noticed to increase in the t reated progenies compared to 
that of control . Plate-V shows the amount of co r t i ca l f ibre in the 
d i f ferent t reatments. 
Xylem anatoiijy:- In addition to the thinning effect of xylem, 
various other abnormalities have also been noticed in the xylem 
anatoiny of the different progenies (Plate-VI & VII) . Under high 
doses, the development of xylem t i s sue i s disturbed to various 
degrees . In general the vessel frequency appears t o decrease under 
the influence of gamma-ray treatments (P la te -VII I ) , while the ray 
c e l l s give r i s e to wider rays (Plate-IX & X) and consequently the 
proportion of rad ia l system in xy le^ increases with the increasing 
dose. Figure-55 shows the r e l a t i v e percentage of r ad i a l and axial 
system in wood of the variety studied, under different t reatments . 
I t becomes obvious that the ray proportion mult ipl ies to a number of 
times in the t reated progenies compared to cont ro l . In the present 
invest igat ion the maximum amount of ray t i s sue has been noticed in 
100 krad treatment (Plate-IXD). In Mg generation the amount of 
ni, 
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Table - 88 Transectional area (mm ) of shoot axis of 
Llnum usitatissimum L. var . Mukta at various 
height leve ls of plants of M^  generation 
under different gamma-ray doses* 
.Doses Transectional area (mm ) of shoot axis 
i n 
Krad Hypocotyle Base Middle Upper 
31.79 
i 2,8611 
27.44* 
+ 2.6068 
19.65* 
+ 2.0415 
18,88* 
+ 2.0201 
21,59* 
+ 2.3749 
20,12* 
+ 2,1930 
20,95* 
+ 2,3464 
Control 
25 
50 
75 
100 
125 
150 
L.S.D. at 
5SS5 leve l 
35.41 
+ 3.6118 
33.11 
+ 3.3441 
29.86* 
+ 3.1950 
28,53* 
+ 2.9671 
29.24* 
+ 3.1871 
28,96* 
+ 3.1856 
30.76* 
t 3.5681 
2,3461 
18.76 
+ 1.7634 
17.54 
+ 1.7189 
15.96* 
+ 1.7556 
14.99* 
+ 1,5739 
I 5 . I 8 * 
+ 1,6242 
14.51* 
+ 1.6541 
14.55* 
+ 1.6878 
13.64 
+ 1.3094 
12.51* 
+ 1.251 
10,32* 
+ 1.0939 
9.87* 
+ 1.0166 
9.59* 
i 1.0549 
9 .51* 
+ 1,0841 
10.87* 
+ 1.3044 
1.9856 1.2825 0.9516 
+ = Standard deviation 
L.S.D. = Least s ignif icant difference 
* = Significant at 5% level 
4 f-'i "» 
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Table - 89 Proportional area {%) of Cortex, Xylem 
cylinder and Pith in the shoot axis of 
Linula usitatissiiBum L» var . Mukta at 
different height l eve ls of p lants of M, 
generation t rea ted with different 
gamma-ray doses. 
Doses 
in 
Krad 
Control 
25 
50 
75 
100 
125 
150 
H 
B 
M 
U 
H 
B 
M 
U 
H 
B 
M 
U 
H 
B 
M 
U 
H 
B 
M 
U 
H 
B 
M 
U 
H 
B 
M 
U 
Proport : 
Cortex 
18.31 
28.05 
29.63 
31.47 
13.23 
25.62 
30.80 
33.58 
19.17 
32.14 
33.12 
36.17 
20.63 
30.36 
32.40 
34.19 
17.24 
26.66 
31.70 
35.00 
19.00 
29.26 
29.91 
31.02 
19.23 
27.83 
28.01 
27.29 
iona l Area in 
Xylem 
81.53 
69.88 
62.15 
46,73 
86 ,36 
68.95 
48.21 
41.81 
80.56 
62.89' 
47.65 
40 .12 . 
78.99 
65^52 
45.90 
38.68 
82.61 
69.73 
50.92 
40.13 
80.82 
66.77 
51.23 
42.98 
8O.5I 
69.07 
52.10 
44.30 
Percentage 
P i t h 
0.16 
2.07 
8.22 
21.18 
0.41 
5.43 
20.99 
24.61 
0.27 
4.97 
19.23 
23.71 
0.38 
4 .12 
21.70 
27.13 
0.15 
3.61 
17.38 
24.87 
0.18 
3.97 
18,86 
26.00 
0 ,26 
3.10 
19.89 
28.41 
H = Hypocotyle, B = Base, M = Middle, U = Upper 
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r ad i a l system surpris ingly goes dovm to the extent that i t forms 
far below a level compared to that of the control (Pigure-35)« 
In M-. generation also the rad ia l system remains in i t s proportirai 
below the level of cont ro l , although i t i s a l i t t l e higher than 
the Mp generation in a few cases . On the whole, the axia l system 
develops to a greater extent in M- generation than in the M. 
generation under a l l t rea tmai ts (P la te -Xl) . 
As a resu l t of gamma-ray i r r a d i a t i o n , the heterogenous ray 
system tends t o become homogenous in having only upright c e l l s 
(P la te -XI l ) . In general the ray c e l l s tend t o become va r t i c a l l y 
( polarized as axial elements. In tangent ia l view the ray c e l l s 
/ appear almost l i k e jfusiform c e l l s in such cases (Plate-XC), 
In response to i r r ad i a t ion , the vessel elements develop 
thick gelatinous walls and reduced lumen (Plate-VIIl)» In addition 
to the s t ruc tu ra l changes, the vessel elements grow shorter and 
narrower than in control in a d i rec t re la t ionship t o that of the 
in t ens i ty of gamma ray dose* The wall of a l l types of tracheary 
elements and the ray ce l l s grow thicker and get l i g n i f i e d . Even 
the ray c e l l s develop quite a conspicuous thickened wall impreg-
nated with l ignin (Plate VIII & X). 
The quant i ta t ive analys is of tracheary elements with regard 
to t he i r dimension, has revealed that the length and width averages 
undergo reduction under i r rad ia ted condit ion, Table-90 shows the 
I n 9 
« o 
vessel length in the different t rea ted progenies at different 
height levels in M^  generation. Vessel length i s s igni f icant ly 
shorter than in control in the basal region under I5O krad 
treatment, while in lower doses i t i s higher than in cont ro l . In 
the middle region of the stem under 50, 75 and 100 krad treatments, 
the mean length of vessels was found to be higher than in control , 
while under 150 treatment, i t was found to be s igni f icant ly shor t . 
In the upper region, on the other hand, no difference in mean 
length of vessels has been observed under the different treatments, 
Table-91 gives the p ic ture of vessel diameter in the different 
regions of the plant imder different t reatments . The mean width 
under a l l treatments at a l l l eve ls of height s igni f icant ly d i f fe r 
from that of control , except under 25 krad treatment in which the 
mean width of vessels in the middle region showed a marginal 
increase over that of control but to a / ins igni f icant l e v e l . 
Similarly pore size has also been found to be reduced in size 
under a l l t reatmoits except the 25 J^rad treatment (Table-92). 
Table-93 gives the data col lected on f ibre length . Here 
the basal region appears to be more affected than the other regions . 
At the upper region of p l an t s , the length average was found to 
follow closely the control except in 25 krad treatment, while the 
middle region showed a higher var ia t ion in the f i r s t four t r e a t -
ments (Table-93). 
JS ¥••] r . 
Table - 90 Changes in vessel length average in the shoot 
axis of Linum usi ta t iss imim L. var . Mukta at 
different height l eve l s of p lants of M^  
generation t reated with different gamma-ray 
doses. 
Doses 
JLn 
Krad 
Contro l 
25 
50 
75 
100 
125 
150 
L.S.D. 
a t % 
l e v e l 
Mean 
Base 
299 
+ 36.48 
(233-378) 
358* 
+ 94.81 
mm 
(200-562) 
370* 
+100,11 
(200-575) 
374* 
+ 86.16 
(200-537) 
275 
+ 80.42 
(75-437) 
281 
+ 91.50 
(87-475) 
242* 
+ 86.83 
(62-387) 
26.1929 
v e s s e l l eng th 
Middle 
371 
±65.50 
(287-482) 
375 
+ 96.31 
(175-506) 
431* 
+129.62 
(175-687) 
436* 
+ 82.95 
(262-600) 
435* 
+ 81.12 
(262-600) 
349 
+ 88.27 
(137-550) 
294 » 
+ 82.02 
(150-475) 
36.2161 
(m/u) in shoot 
Upper 
450 
+ 59.79 
(342-585) 
421 
+ 92.28 
(175-662) 
436 
1 92.68 
(162-625) 
468* 
±129.87 
(268-731) 
431 
+101.25 
(150-625) 
416 
±107.65 
(250-600) 
436 
±116.90 
(200-625) 
39.9029 
ax i s 
Grand Mean 
373 
± 53.92 
(233-585) 
384 
± 94.46 
(125-662) 
412* 
±107.47* 
(162-687) 
426* 
± 99.66 
(200-731) 
380 
± 87.59 
(75-625) 
364 
± 95.80 
( 87-600) 
324* 
± 95.25 
( 62-625) 
34.1038 
± = standard deviation 
L.S.D. = Least s ignif icant difference 
* = Significant at 3% level 
Within Parenthesis - Range. 
180 
Table - 91 Changes in mean diameter of vesse l s in the shoot 
axis of Linum usitatissimum L, var . Mukta at 
different height l eve l s of p lants of M^  generation 
t reated with different gamma-ray doses. 
Doses in Mean diameter (mAJ) of vessels in shoot axis 
Krad 
Control 
25 
50 
75 
100 
125 
150 
L.S.D. 
at 5% 
level 
Base 
35.8 
+ 5.06 
("28-46) 
28.5* 
+ 5.50 
(18-37) 
26.0* 
1 6.55 
(12-37) 
27.8* 
+11.37 
(18-37) 
24.6* 
± 5.77 
(12-37) 
4 
25.3* 
4 5.90 
(12-37) 
21.2* 
i 5.7 
(12-37) 
3.9110 
Middle 
34.8 
± 2.50 
(31-40) 
36.8 
+ 8.67 
(18-50) 
27.0* 
1 7.92 
(12-43) 
24.2* 
± 3.95 
(12-37) 
24.4* 
+ 3.89 
(12-37) 
22.7* 
± 3.65 
(12-31) 
26.4* 
+ 5.42 
(12-37) 
3.0421 
Upper 
31.3 
+ 2.05 
[28-35) 
26.5* 
+ 5.07 
(12-37) 
24.1* 
± 3.60 
(18-31) 
22.1* 
+ 6.07 
(12-37) 
26 .1* 
i 3.95 
(12-37) 
21.1* 
+ 4.31 
(12-31) 
19.3* 
+ 4.98 
(12-25) 
2.3849 
Grand Mean 
34.0 
+ 3.20 
(28-46) 
30.6* 
+ 6.41 
(12-50) 
25.7* 
+ 6.02 
0 2 - 4 3 ) 
24.7* 
+ 7.13 
(12-37) 
25.0* 
+ 4.54 
(12-37) 
23.0* 
+ 4.62 
(12-37) 
22.3* 
+ 5.37 
(12-37) 
3.2468 
+ = standard deviation 
L.S.D = Least s ignif icant difference 
* = Significant at 5?S level 
within Parenthesis - Range 
10 I 
Table - 92 Changes in pore s ize of vessels in the shoot axis 
of Linum usitatissimum L« vaT. Mukta at d i f ferent 
height levels of p lants of M^  generation t rea ted 
with different ganmia-ray doses. 
Doses 
in 
Krad 
Control 
25 
50 
75 
100 
125 
150 
L.S.D. at 
3% l eve l 
Vessel 
Base 
18.3 
+ 2.45 
(13-22) 
16.0» 
+ 4.64 
(" 6-25) 
12.6* 
+ 3.05 
( 6-18) 
12.6* 
± 5.32 
'{ 6-25) 
13.1* 
+ 3.74 
( 6-18) 
14.4* 
t 3.65 
( 6-25) 
11.8* 
+ 3.60 
I 6-18) 
2.254 
pore s ize (n^) in shoot axis 
Middle 
•19.2 
+ 2.63 
05-23) 
19.3 
+ 5.00 
02-25) 
14.7* 
t 4.98 
I 6-25) 
16.6 
+ 4.81 
( 6-25) 
16.5* 
± 4.95 
(" 6-25) 
15.0* 
± 4.26 
'{ 6-25) 
12.8* 
1 4.26 
( 6-18) 
2.7264 
Upper 
16.8 
± 1.36 
04 -19 ) 
14.5 
± 4.46 
( 6-25) 
14.6 
± 4.35 
( 6-25) 
12.3* 
± 4.56 
( 6-18) 
16.7 
± 3.57 
( 6-25) 
11.2* 
+ 5.22 
(" 6-18) 
10.8* 
+ 3.48 
( 6-18) 
2.4402 
Grand Mean 
18.1 
+ 2.15 
(13-23) 
16.6 
+ 4.70 
( 6-25) 
14.0* 
+ 4.12 
( 6-25) 
13.8* 
i 4.89 
I 6-25) 
15.4* 
1 4.09 
( 6-25) 
13.6* 
± 4.37 
(6-25) 
11.8* 
+ 3.78 
( 6-18) 
2.5467 
± = standard deviation 
L.S.D = Least s igni f icant difference 
* = Significant at 3% level 
within Parenthesis - Range 
10 ' ) 
J . U f^ s» 
Table - 93 Changes in length average of xylem f ibres in the 
shoot axis of Linum usitatissimum L, vax Mukta 
Doses in 
Krad 
Control 
25 
- 50 
75 
100 
125 
150 
L,S»J)m at 
3% l eve l 
+ 
L.S.D 
• 
at different height l eve l s of p lan t s 
generation 
Mean f ibre 
Base 
412 
+ 39.63 
(343-470) 
443 
+ 82.95 > 
(337-537) 
457* 
+136.65 
(225-800) 
430 
+ 93.16 
(200-625) 
350* 
1 66.95 
(187-562) 
377* 
± 76.75 
(231-525) 
328* 
+ 62.93 
(212-425) 
32.585 
= Standard 
. = Least si 
= Si£mifir>sa 
t rea ted with 
length (m/u) : 
Middle 
400 
+ 57.67 
(312-493) 
432* 
+ 85.03 
(275-537) 
500* 
+142.37 
(237-862) 
444* 
+ 98.35 
(193-612) 
500* 
+ 73.46 
(375-600) 
405 
± 77.7 
(250-262) 
388 
+ 86.0 
087-587) 
31.082 
deviation 
different gai 
in shoot axis 
Upper 
515 
+ 62,20 
(436-642) 
474* 
+ 80.83 
(275-725) 
511 
+ 93.25 
037-662) 
533 
+134.12 
(262-887) 
493 
+ 77.76 
(312-650) 
516 
+ 93.27 
(325-712) 
507 
+112.38 
(275-737) 
38.0266 
.gnificant difference 
nt o-t t:^(€ 1 atT, =1 
of M^  
ama-ray doses. 
Grand Mean 
442 
1 53.16 
(312-642) 
450 
+ 82.93 
(275-725) 
489* 
+124.28 
(225-800) 
469 
+108.54 
(193-887) 
548* 
+ 72.72 
(187-650) 
433 
+ 82.57 
(231-712) 
408* 
+ 87.10 
(187-737) 
33.897 
within Parenthesis - Range 
Table - 94 Changes in width average of xylem f ibres 
in the shoot axis of Linum usitatissimum L, va r . 
Mukta at different height l eve l s of p lan ts of 
M^  generation t rea ted with di f ferent gamma-ray 
doses. 
Doses 
in 
Krad 
Control 
25 
50 
75 
100 
125 
150 
L.S.D. at 
5^ level 
Mean 
Base 
18.7 
+ 2.02 
(15-21) 
18.1 
+ 4.85 
r i2-21) 
15.2* 
+ 3.35 
(12-25) 
15.6* 
+ 3.66 
(12-25) 
15.1* 
+ 3.32 
(12-18) 
15.0* 
i 3.76 
(12-25) 
16.8* 
+ 4.58 
(12-25) 
1.8001 
f ibre width (myu) 
Middle 
15.8 
+ 1.70 
(12-17) 
19.2* 
+ 4.55 
r i2-25) 
16.6 
t 5.93 
(12-25) 
17.2 
+ 4.27 
(12-25) 
14.9 
+ 3.56 
(12-25) 
15.6 
± 3.77 
(12-25) 
17.5 
+ 4.55 
(12-25) 
2.2539 
in shoot axis 
Upper 
16.0 
+ 1.75 
(13-18) 
15.8 
+ 3.90 
r i2-25) 
15.9 
+ 3.38 
(12-25) 
13.7* 
i 2.54 
(12-18) 
16.0 
+ 3.35 
(12-25) 
16.5 
+ 3.89 
(12-25) 
14.4 
+ 2.92 
(12-18) 
1.6368 
Grand Mean 
16.8 
+ 1.82 
(12-21) 
17.7 
+ 4.43 
r i2-25) 
15.9 
+ 4.22 
(12-25) 
15.5 
•»• 3.49 
(12-25) 
15.8 
+ 3.41 
(12-25) 
15.0 
+ 3.84 
(12-25) 
16.2 
+ 4.02 
(12-25) 
1.9234 
+ = standard deviation 
L.S.D. = Least s ignif icant differ ©ice 
* = Significant at 3% l eve l 
within Parenthesis - Range 
The f ibre width in the basal region showed a s ignif icant 
reduction under a l l treatments excepting 25 krad dose» In the 
middle and upper regions, the f ibre width did not d i f fe r under 
different treatments (Table-94). When the f ibre width i s compared^ 
in the plant as a whole, no s igni f icant d i f f e r ^ c e has been found 
in the t reated as well as in the untreated p lan t s (Table-94)« In 
M« generation the vessel length differed to a s igni f icant level 
under the different treatments from that of cont ro l . I t i s more 
so in the basal region than in the middle and upper regions . 
This appears to be due to the recovery that the plants had under-
gone during the 2nd generation (Table-95)« The vessel width on 
the other hand shows a greater var ia t ion imder di f ferent t r e a t -
ments than the mean length. I t i s s igni f icant ly l esse r in basal 
region under a l l t reatments, but in the middle and upper regions , 
i t has only been found to be narrow in higher doses (Table-96), 
The pore size showed a significant difference, only under 125 and 
150 krad treatments. In the upper region, i t did not d i f fe r from 
that of control . When i t i s compared in the whole p l an t , no 
s igni f icant difference could be v i s i b l e (Table-97)» 
Table-98 gives the loagth average of xylem f ib re under 
different treatments in the M generation. In the middle region 
the var ia t ion was exhibited under a l l treatments than in the basal 
and upper regions. The f ibre length average recorded an increase 
over that of control in the majority of cases (Table-98), 
Table - 95 Changes in vessel length average in the shoot 
axis of Linum usitatissiMum L. var , Mukta at 
d i f fe ren t height l eve ls of p l an t s of Mp 
generation t r ea ted with dif ferent gamma-ray 
doses. 
Doses Mean vessel length (mu) in shoot axis 
in 
Krad 
Control 
25 
50 
75 
100 
125 
150 
L.S.D. 
at 5% 
Level 
+ 
L.S.D 
Base 
363 
± 45.55 
(230-452) 
415* 
+110.08 
(187-675) 
393 
+ 86.26 
(225-425) 
322* 
+ 60,55 
(212-462) 
314* 
± 53.91 
037-425) 
320* 
+ 63.53 
(212-537) 
305* 
t 69.40 
(187-450) 
35.4218 
= Standard 
• = Least s i 
Middle 
374 
i 29.72 
(290-502) 
391 
+ 85.10 
(262-562) 
4O8 
+ 84.62 
(225-625) 
469* 
1 72.71 
("350-587) 
372 
± 88,52 
(187-500) 
319* 
+ 61.78 
(200-437) 
359 
+108.05 
(125-600) 
38.4972 
deviation 
enificant dj 
Upper 
400 
+ 41.63 
(327-460) 
431 
+ 71.97 
[312-600) 
468* 
+119.75 
(212-600) 
489* 
+114.76 
(275-800) 
391 
+ 71.03 
(225-600) 
346* 
+ 96.37 
087-587) 
390 
+106.45 
(200-612) 
44.7046 
Lfference 
Grand Mean 
379 
+ 38.96 
(230-502) 
412 
+ 89.05 
(187-675) 
423* 
+ 96.87 
(^225-625) 
427* 
+ 82.67 
(212-800) 
359 
t 71.15 
(187-600) 
328* 
+ 74.56 
(187-587) 
351 
+ 94.73 
(120-612) 
39.1420 
* 
Significant at 5% level 
Range within Parenthesis 
op 
Table - 96 Changes in mean diameter of vesse ls in the 
shoot axis of Linum usitatissimum L, var , Mukta 
at different height leve ls of p lan t s of Mg 
generation t rea ted with different gamma-ray doses. 
Doses Mean diameter of vessels (mu) in shoot axis 
i n —• 
Krad 
Control 
25 
50 
75 
100 
125 
150 
l.S.D« at 
5^ level 
40.1 
+ 4.75 
(33-45) 
31.8* 
+ 6.43 
(18-37) 
30.2* 
± 5.72 
(25-53) 
31.6* 
+ 6.75 
(25-45) 
24.8 
± 1.73 
(18-31) 
25.6* 
+ 3.36 
r i8-37) 
29.2* 
t 7.13 
(12-50) 
3.1245 
35.3 
i 5.61 
(30-45) 
35.2 
+ 4.42 
(25-37) 
36.9 
± 5.27 
(25-50) 
34.6 
+' 4.79 
(25-37) 
33.8 
+ 5.98 
(25-50) 
23.9* 
+ 2.36 
0 8 - 2 5 ) 
29.2* 
+ 8.75 
(25-50) 
3.014 
35.4 
+ 1,51 
(33-37) 
34.8 
+ 5.18 
(12-25) 
36.4 
± 6.53 
(25-50) 
32.8* 
+ 5.20 
(25-37) 
33.1 
i 5.95 
(25-43) 
27.7* 
+ 6,28 
r i8-37) 
24.3* 
i 3.29 
(12-31) 
2,4987 
36,9 
± 3.95 
(30-45) 
33.9 
i 5.34 
(12-37) 
34.5 
± 5.84 
(12-37) 
33.0* 
+ 5.58 
(25-43) 
30,6* 
± 4.55 
(18-50) 
24.7* 
+ 4.00 
r i8-25) 
27,6* 
t 6,39 
(12-62) 
3.1254 
+ = standard deviation 
L.S.D. = Least s ignif icant difference 
* = Significant at 5% level 
within Parenthesis - Range 
10 
Table - 97 Changes in pore s ize of vesse ls in the shoot 
axis of Linum usitatissimum L, var . Mukta at 
different height l eve l s of p lan t s of Mp 
goieration with different gamma-ray doses. 
Boses Vessel pore s ize (mu) in shoot axis 
in 
Krad 
Control 
25 
50 
75 
100 
125 
150 
L.S.D. at 
3% l eve l 
+ 
L.S.D 
« 
Base 
21.4 
+ 2.15 
(18-23) 
22.9 
1 4.58 
02 -25) 
21.6 
+ 4.33 
(12-25) 
22.0 
+ 4.98 
02 -25 ) 
23.0 
t 4.05 
02-25) 
25.0* 
+ 3.30 
02 -37 ) 
21.2 
+ 5.63 
02 -37) 
3.0189 
= Standard 
• - Least sij 
= STor>1-PH<>< 
Middle 
21.4 
+ 2.42 
(17-23) 
24.3* 
t 2.55 
(12-25) 
23.4 
+ 3.93 
02 -31 ) 
25.0* 
t 4.34 
(12-25) 
22.0 
+ 3.86 
(12-25) 
24.4* 
+ 2.29 
02 -25 ) 
24.3* 
i 3.29 
(12-31) 
2.0664 
deviation 
Upper 
24.2 
+ 1.11 
(22-25) 
24.3 
± 2.00 
(18-25) 
26.5 
± 3.01 
(12-25) 
26.1 
i 7.41 
(12-37) 
,23.5 
+ 3.15 
(12-25) 
22,5 
± 5.08 
0 2 - 2 5 ) 
22.6 
± 4.87 
(12-25) 
2.6789 
gnificant difference 
an-h of. Ri^ 1 o i l o i 
Grand Mean 
22.3 
± 1.89 
(17-25) 
23.8 
t 5.04 
(12-25) 
23.8 
+ 3.75 
(12-31) 
24.3 
± 5.57 
(12-37) 
22.8 
+ 3.68 
(12-25) 
23.9 
± 3.56 
(12-37) 
22.7 
t 4.59 
(12-37) 
2.5981 
within Parenthesis - Range 
1 0 0 
Table - 98 Changes in length average of xylem f ib res in 
the shoot axis of Linum usitatissimum L, var . 
Mukta at different height l eve l s of plants of 
Mp generation t rea ted with different gajuna-ray 
doses. 
Doses 
in 
Krad 
Mean f ibre length (mu) in shoot axis 
Base Middle Upper Grand Mean 
Control 
25 
50 
75 
100 
125 
150 
L.S.O, at 
5J5 leve l 
L.S 
543 
+57.86 
(252-422) 
421* 
+45.72 
(237-550) 
348 
+85.67 
(212-475) 
391* 
+65.31 
(237-525) 
315 
+74.63 
(225-437) 
375 
+76.8 
(325-712) 
318 
+73.28 
(187-487^ 
35.6614 
369 
+ 41.57 
010-407) 
484* 
+ 62.66 
(35O-6OO) 
492* 
+ 74.93 
(375-650) 
451* 
+ 91.22 
I25O-587) 
427* 
+ 74.10 
(312-562) 
316* 
+ 72,27 
(225-525) 
469* 
+ 68.36 
(337-612) 
32.8712 
+ = Standard deviation 
•D, = Least 
» s= S1 c-n i 1 
s ignif icant ( 
369 
+ 90.31 
(390-418) 
492* 
+ 57.10 
(4OO-6OO) 
426* 
+ 60,02 
(337-537) 
532* 
+155.53 
(275-787) 
404 
+ 65.05 
012-525) 
579 
+ 89.07 
(200-500) 
367 
+ 97.45 
(187-600) 
40.1130 
i i fference 
1 o i r a l 
369 
+ 63.24 
(252-422) 
466* 
+ 71.82 
(237-600) 
422* 
+ 73.54 
(212-650) 
458* 
+ 97.35 
(237-787) 
382 
+ 71.26 
(225-562) 
357 
+ 79.58 
(200-712) 
385 
+ 79.69 
(187-612) 
36.6104 
within Parenthesis - Range 
1^0 
Table - 99 Changes in width average of xylem f ib res in 
the shoot axis of Liaum usitatissimum L. var , 
Mukta at different height l eve l s of p lants of 
Mp generation t reated with dif ferent gamma-ray 
doses. 
Doses in 
K.rad — 
Control 
25 
50 
75 
100 
125 
150 
L.S.D. at 
3% l eve l 
+ 
L.S.D. 
« 
Mean f ibre 
Base 
25.6 
± 1.42 
(22-26) 
U . I * 
+ 3.50 
02-25) 
12.7* 
± 1.12 
02-25) 
U.o* 
t 3.10 
(12-25) 
14.6* 
+ 3.80 
(12-25) 
12,8* 
+ 2.20 
(12-25) 
19.0* 
+ 5.31 
(12-25) 
1.9071 
= Standard 
width (mu) in 
Middle 
21.3 
+ 1.68 
(18-25) 
16.6* 
+ 4.73 
(12-25) 
18.9 
± 4.95 
(12-25) 
13.6* 
± 2.76 
(12-25) 
12.5* 
t 2.86 
(12-25) 
14.5* 
+ 3.42 
(12-18) 
20.5 
i 5.30 
(12-25) 
2.5174 
deviation 
= Least s ignif icant differ 
= Signifies ant at S^ level 
shoot axis 
Upper 
16.5 
± 1.85 
(15-56) 
22.6* 
+ 5.08 
(12-25) 
17.5 
± 5.41 
(12-25) 
15.6* 
± 5.15 
(12-25) 
12,9* 
+ 1,61 
(12-18) 
15.8* 
+ 4.28 
0 2 - 2 5 ) 
12.5* 
± 1.42 
(12-18) 
1.8842 
•ence 
Grand Mean 
20,4 
+ 1,65 
(13-36) 
17.8* 
+ 3.77 
(12-25) 
16.3* 
+ 3.85 
(12-25) 
15.7* 
+ 2.49 
(12-25) 
15.5* 
1 2.75 
(12-25) 
15.7* 
+ 5.30 
(12-25) 
17.5* 
i 4.01 
02-25) 
2.0451 
within Parenthesis - Range 
lii 
Table-99 gives the data col lected on f ibre width in the 
Mp generation. There i s a s ignif icant decrease in f ibre width 
average under a l l treatments except in a few cases in the middle 
and upper regions* When the comparison i s made in the plant as 
a whole, the difference in f ibre width has become s igni f icant ly 
evident under a l l t reatments , 
Table-100, 101, 102, IO3 and IO4 show the s ize average of 
vesse l s and f ibres under different treatments in the M, generation. 
S t a t i s t i c a l analysis of the data does not ind ica te any difference 
between t rea ted and untreated progenies in any of the parameters 
studied except in a few cases l i k e that of f ib re length and width 
in 50 and I50 krad treatment (Tables-103 & 104), 
*3 I 
Table - 100 Changes in v e s s e l l ength average in the shoot 
suxis of Linum us i t a t i s s imum L, v a r . Mukta at 
d i f f e r e n t he igh t l e v e l s of p l a n t s of M, 
genera t ion t r e a t e d with d i f f e r o i t gamma-ray 
doses . 
Doses 
i n 
Krad 
Control 
25 
50 
75 
100 
125 
150 
L»S«D. at 
3% l e v e l 
± = 
L.S.D. = 
* _ 
Mean vesse l 
Base 
350 
+46,71 
(225-450) 
380 
+90.66 
(230-490) 
345 
+80,41 
(200-440) 
320 
+85.00 
(Ts5-490) 
342 
+75.66 
(225-480) 
336 
+90.72 
(200-490) 
340 
+86.36 
(185-450) 
35.6154 
Standard dev ia t 
. l ength {MAX) 
Middle 
380 
+60,72 
(280-520) 
399 
+70.44 
(300-530) 
402 
+85.99 
(229-615) 
375 
+90,88 
(3I5-6O5) 
395 
+84.16 
(225-599) 
380 
480.32 
(200-612) 
375 
+90.86 
(200-550) 
38.6172 
ion 
Least s i g n i f i c a n t d i f f e r aice 
S -5 an i-fi f> an + a f. c;<2: 1 «Tr« i 
in shoot a x i s 
Upper 
430 
+65.81 
(350-585) 
440 
+80.62 
(35O-6OO) 
410 
+90,10 
(325-590) 
435 
+99,86 
(360-640) 
420 
+108,12 
(320-700) 
430 
+85.44 
(350-600) 
425 
+100.85 
(315-700) 
42.4213 
Grand Mean 
387 
±57.74 
(225-585) 
4O6 
+80.57 
(230-600) 
386 
+85.50 
(200-615) 
377 
+91.91 
(185-640) 
386 
+89.31 
(225-700) 
382 
+85.49 
(200-612) 
380 
+92.69 
(185-700) 
38,8846 
within Parenthesis - Range 
i fh '^^ 
tJfj 
Table - 101 Changes in mean diameter of vessels in the 
shoot axis of Linum usitatissimum L, var , 
Mukta at different height l eve l s of p lan t s 
of M- generation t reated with different 
gamma-ray doses. 
^?^®® Mean Diameter of Vessels (m/U ) in shoot axis 
i n Krad Base Middle Upper 
31.4 
+ 4.66 
("20-32) 
29.7 
+ 5.01 
(18-35) 
50.3 
+ 4.86 
("20-35) 
29.6 
+ 4.98 
120-38) 
29.7 
+ 5.27 
05 -40) 
28.2 
t 5.97 
(15-40) 
28.8 
+ 6.48 
05 -45) 
Grand Mean 
34.3 
+ 4.90 
("20-46) 
32.1 
+ 5.59 
(18-48) 
33.1 
+ 5.05 
(20-40) 
32.0 
+ 5.42 
(20-48) 
32.4 
+ 6.33 
05 -50) 
31.0 
1 6.46 
05 -45) 
31.3 
+ 6.48 
05-45) 
Control 
25 
50 
75 
100 
125 
150 
L.S.D. at 
5% level 
36.7 
+ 5.07 
(28-46) 
34.0 
i 6.12 
?25-48) 
35.4 
1 4.97 
("20-45) 
33.8 
± 5.64 
?28-48) 
34.6 
t 7.23 
(20-50) 
32.9 
+ 6.54 
(25-45) 
33.5 
+ 5.83 
(20-42) 
4.1257 
34.8 
+ 4.98 
(25-38) 
32.7 
± 5.66 
(20-40) 
33.6 
± 5.32 
(20-38) 
32.7 
+ 5.64 
(20-40) 
32,9 
± 6.51 
(15-42) 
31.8 
+ 6,87 
(15-45) 
31.7 
+ 7.15 
(15-50) 
4.2345 3.3189 3.8928 
+ = Standard deviation 
L.S.D. = Least s ignif icant difference 
* = Significant at 3% l eve l 
within Parenthesis -^  Range 
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Table - 102 Changes in pore s ize of vesse ls in the shoot 
axis of Linum usitatissimum L, var . Mukta at 
different height leve ls of p lants of M 
generation t reated with different gamma-ray 
doses. 
Doses Vessel Pore Size (m/u ) in shoot axis 
i n 
Krad 
Control 
25 
50 
75 
100 
125 
150 
L.S.D. at 
3% l eve l 
Base 
20.4 
+ 2.56 
08-25) 
19.2 
+ 4.67 
?l5-25) 
18.8 
+ 4.35 
(15-22) 
20.0 
+ 5.11 
(15-25) 
19.5 
+ 3.78 
("18-22) 
18.4 
+ 4.44 
05 -23) 
20.2 
+ 5.63 
(12-25) 
3.0441 
Middle 
21.5 
± 2.34 
(18-24) 
20.8 
+ 4.21 
(15-25) 
22.7 
± 3.86 
(12-25) 
23.4 
+ 4.75 
(18-30) 
21.7 
1 3.34 
(12-25) 
20.1 
+ 4.67 
02-30) 
23.6 
+ 4.02 
O2-35) 
2.4671 
Upper 
24.5 
+ 2.00 
[20-25) 
22.8 
i 4.11 
(15-30) 
23.7 
+ 5.31 
(15-35) 
21.6 
1 4.85 
[20-30) 
24.2 
+ 3.64 
O8-3O) 
21.8 
+ 4.57 
?l5-25) 
22.2 
+ 3.83 
(15-25) 
2.8971 
Grand Mean 
22.1 
+ 2.30 
08-25) 
20.9 
+ 4.33 
[15-30) 
21.7 
1 4.50 
(15-55) 
21.6 
i 4.90 
[18-3O) 
21.8 
4 3.59 
[15-25) 
20,1 
+ 4.56 
[12-30) 
22.0 
+ 4.49 
(12-30) 
2.8027 
+ s standard deviation 
L.S.D. = Least s ignif icant difference 
* = Significant at 55S level 
within Parenthesis - Rane 
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Table - IO3 Changes in length average of xylem f ibre in the 
shoot axis of Linum usitatissimum L, var . Mukta 
at different height l eve ls of p lan t s of M, 
generation t reated with different gamma ra^ f 
doses* 
Doses 
m 
Krad 
Control 
25 
50 
75 
100 
125 
150 
L.S .D, a t 
5JS l e v e l 
Mean F ib re 
Base 
390 
+55.86 
(260-450) 
395 
+75.42 
(225-500) 
370 
+80.61 
1225-495) 
381 
+90.22 
(220-480) 
364 
+74.31 
(215-420) 
369 
+79.51 
[215-430) 
385 
+70.61 
(225-460) 
34.7183 
Length (m^i) 
Middle 
409 
+65.32 
(315-490) 
415 
+80.66 
(315-500) 
395 
+90.82 
(320-450) 
410 
+99.78 
(310-550) 
390 
+85.62 
(250-480) 
400 
+70.41 
(300-500) 
420 
+84.31 
0 2 0 - 6 0 0 ) 
3B.6521 
in shoot a x i s 
Upper 
440 
+62.46 
' (350-500) 
455 
+80s-48 
(4OO-6OO) 
5O8* 
+90.87 
(410-650) 
430 
+70.25 
(320-550) 
440 
+85,12 • 
(35O-6IO) 
435 
+89.73 
("400-608) 
425 
+95.36 
?300-612) 
40.6431 
Grand Mean 
413 
+61.21 
(260-500) 
422 
+78.85 
(225-600) 
424 
+87.43 
(225-650) 
407 
+86.75 
(300-550) 
398 
+81.68 
(250-550) 
401 
+79.88 
("300-600) 
410 
+83.42 
("225-6OO) 
38.0045 
+ a Standard deviation 
L.S.D. = Least s ignif icant difference 
* = Significant at ^% level 
within Parenthesis - Range 
Table- 104 Change in width average of xylem f ibre in the 
shoot axis of Linum usitatissimum L, var . 
Mukta at different height l eve l s of p lants of 
M, goieration t rea ted with dif ferent garana-ray 
doses. 
B'oses 
m 
Krad 
Control 
25 
50 
75 
100 
125 
150 
L.S.D.a t 
5% l e v e l 
Mean F ib re 
Base 
20.6 
+ 1.6329 
(18-24) 
19.6 ^ 
4 3.58) 
(16-24) 
18.2* 
+ 4.12 
(15-25) 
20,0 
± 2.58 
0 8 - 2 5 ) 
21.4 
+ 3.12 
(18-25) 
20.9 
+ 4.86 
(15-25) 
18.4* 
+ 3.87 
("14-22) 
1.9871 
Width (mAi) 
Middle 
18.9 
+ 1.89 
0 8 - 2 2 ) 
17.9 
+ 3.06 
114-23) 
19.3 
•»• 2.56 
0 5-24) 
18.8 
+ 4 .90 
0 4 - 2 5 ) 
19.7 
+ 4 .56 
0 5 - 2 4 ) 
18.7 
1 3.45 
(13-24) 
20.1 
+ 2.96 
(15-25) 
1.8672 
in shoot a x i s 
Upper 
16.3 
+ 1.74 
[13-20) 
15.6 
+ 2.46 
0 0 - 1 8 ) 
17.4 
+ 3.01 
0 5 - 2 2 ) 
16.5 
i 2.89 
0 4 - 1 9 ) 
15.6 
+ 2.97 
0 2 - 1 8 ) 
16.9 
+ 3.25 
(10-20) 
17.8 
+ 2.88 
0 2 - 2 0 ) 
1.7956 
Grand Mean 
18.6 
+ 1.75 
(13-22) 
17.7 
+ 3.04 
(10-22) 
18.3 
t 5.23 
(15-24) 
18.4 
+ 3.46 
(14-25) 
18.9 
+ 3.55 
(12-24) 
18.8 
+ 3.85 
(10-24) 
18.7 
± 3.24 
(14-25) 
1.8832 
+ = standard deviation 
L.S.D. = Least s ignif icant difference 
* = Significant at 3% level 
within Parenthesis - Range 
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Discussion 
The l i t e r a t u r e i s fu l l of instances to indica te the 
effect of ionizing rad ia t ions oa seed germination of higher 
vascular pljants. To mention a few important works in t h i s 
regard are of Johnson (1928), Gustafsson and Simak (1958), May 
£ind Posey (1958), Heaslip (1959), Bowen and Thick (1961), Saric 
et a l , (1961), Barring et a l . (1964), Mergen and Johnsen (1964), 
Sen and Ghosh (1968), Chauhan (1969), Ahustrom and Natara^an 
(1971), Rai (1971), Chopra (1972), Nath (1974), Machaiah et a l . 
(1976), Raghuvanshi and Singh (1977), Shamsi et a l . (1978), 
Chaghtai and Siva Prasad (1979) and Machaiali and Vakil (1982). 
The repor t s so far published do not agree with one another. A 
few ^ of the opinion that the i r r ad ia t ion treatment with lower 
doses prove to be beni f ic ia l to the process of seed germination 
(Bowen and th ick , 1961; Saric et a l . , 1961; Preobrazhenskaya and 
Timofeev-Resouskii, 1962; Amer and Hakeem, 1964; Raj an, 1969), 
while a few others l ike Sen (1964), Pate l and Shab (1974), have, 
however, found that the heavy doses of gamma-rays destroy the 
v i a b i l i t y of seeds to inqoair the process. In the present study, 
i t has been found that the gamma ray treatments in the form of 
l igh t doses do not materially affect the germination percentage 
of linseed var ie ty invest igated. However heavy doses of gamma-ray 
do influence seed germination to some extent by delaying the 
f\ -'I in 
process. Chopra and Singh (1978), Grover and Dhanju (1979), 
Ghouse et al« (1979) and Abidi (1981) have reported a loss in 
percentage of seed germination, as a resu l t of i r r ad ia t ion t r e a t -
ment with gamma rays . However, Brock and Andrew (1965) and Kumar 
aitid Das (1978) in the i r s tudies on Medic ago polymorph a and 
Brassica campestris respect ive ly , have noted no s ignif icant effect 
of gamma ray i r rad ia t ion on seed germination. 
In the present study no st imulating effect of gamma-ray 
treatment has been observed at any level of gamma ray doses employed. 
In t h i s respect , the invest igated var ie ty Mukta of Linum 
usitatissimum resembles Lupinus termis (Amer and Hakeem, 1964), 
Sesamum indicum (Rajan, 1969), Citrus s inensis (Spiegel Roy and 
Padova 1973), Soybean (Srivastava et a l . , 1976}^ tomato (Maltseva, 
1977) and Sorghum vulgare (Sharon and Muralidharan 1978). Sax 
(1963) has , however, reported stimulatory effect of low in tens i ty 
gamma ray doses of minor magnitude of some s ignif icance. 
The slow r a t e of germination and the delay caused by gamma-
ray treatments observed in the present study indicate the adverse 
ro l e of gamma-rays on germination of l inseed, A similar effect 
by heavy doses of gamma-rays has also been reported recently by 
Abidi (1981) in another variety of linseed crop namely Neelum, 
Sen and Ghosh (1968), Bajaj et a l . (1970) and Pa te l and Shah (1974) 
have also recorded a similar effect of gamma-rays r e su l t ing in 
ID" 0 
jLn delayed germination. The fa i lu re to get the same degree of 
iLnhibition and delay in seed germination in the subsequent gene-
ra t ions of Mp and M, in the present study ind ica te that the bad 
ef fec ts of gamma rays observed in the 1st generation happens to 
be a mere physiological disturbance ra ther than a genetic change 
that has been induced by i r r ad ia t ion treatment. 
Ananthaswany et a l . (1971) are also of opinion that the 
metabolic disturbances occurring during germination due to gamma 
i r r ad i a t i on are responsible for the inhibi tory effect of germi-
nation in wheat. 
In the present study i t has been found that the survival 
percentage of the i r rad ia ted progenies decreases with increasing 
.intensity of gamma rays in M^  generation. A s imilar s i tua t ion of 
seedling survival has been observed by Caldecott (1955), Rai (1971), 
Bari (1971), Bottino and Sparrow (1971), Chopra (1972), Iqbal 
(1972), Kil l ion and Constantin (1972), Raghuvanshi and Singh (1977) 
jand Shamsi et a l . (1978). No decrease in survival percentage has 
been observed in the present study in the subsequent generat ions, 
as has been noted by Abidi (1981) and, therefore , the af ter effects 
of i r r ad i a t i on treatment are not carr ied over to the 2nd and 3rd 
generations in the present case. More or l e s s , the same conclusion 
has been made by an ea r l i e r worker who invest igated the effects 
of i r r ad ia t ion on another var ie ty of l inseed crop (Abidi, 1981). 
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Growth: The effect of ionizing radia t ion has been studied on 
a wide var ie ty of seed p lan t s , in r e l a t ion to the i r growth and 
productivi ty (Johnson, 1926, 1928, 1931, 1953, 1936a,b,c, 1939, 
1948; Gustafsson, 1944; Levan,' 1944; Sparrow and Singleton, 
1953; Mika€>lson and Aastvei t , 1957; Gordon, 1957; Smith, 1958; 
Brandenburg et a l . 1962; Sax 1963; Matsumura and F u j i i , 1963; 
Gunckel, 1965; Woodstock and Jus t i ce , 1967; Yamshita, 1967; 
Davies, 19(58, 1970, 1973; Kahan, 1969; Chauhan 1969; Hermelin, 
1970; Bari , 1971; Chopra, 1972; Sidrak and Suess, 1973; Nath, 1974; 
Iqbal and Zahur, 1975; Sinha and Sinha, 1977; Sharon and 
MuralidhaTEin, 1978; Iqbal , 1980; Niranjan and Roy, 1980; Nath, 
1981). 
Growth re tardat ion by ionizing rad ia t ions has been reported 
by number of workers (Gunckel and Sparrow 1961; Dumanovic and 
Ehrenberg 1965; Bevies 1968; Taylor 1968; Chauhan 1969; Rai 1971; 
Chopra 1972; Nath 1974; Sharon and Muralidharan 1978; Nath 1981). 
Johnson (1936c ) i s of the opinion that the injury on growth i s 
the most common effect which follows X-ray t reatments . According 
to her , the l igh t doses do not st imulate growth but heavy doses 
prove to be in jur ious . On the other hand, Timofeev-Resovsky and 
Poryadkova (1956) reported increased growth of many crop p lants 
following i r r ad ia t ion of dry or soaked seeds with low doses of 
I X-ray or by soaking the seeds in radio act ive so lu t ion . Sparrow 
and Christensen (1953), Ehrenberg et a l . (1954), Gunckel and 
Sparrow, (1954), Sax, (1955), Sparrow and Gunckel (1956), 
Mikaelsen and Aastveit (1957), Saric et al« (1961), Sparrow e t a l . 
(1961), Sax (1963), Donini et a l . (1964), DeNettancourt and Contant, 
(1966), Suess (1966), Davies (1968, 1970) and Bari (1971) have 
observed the occurrence of growth stimulation due to acute and 
chronic i r r ad ia t ion in some higher p l an t s . For inhibi tory effects 
of gamma rays . Sparrow (1955) and Sparrow and Gunckel (1956) have 
screened various species of seed plants numbering over 110 and 
found a general decrease in plant height with an increase of dose 
l e v e l . In the present study also the same condition has been 
observed. This i s in close conformity with the findings of Abidi 
(1981) on another var ie ty of l inseed crop. H i ^ doses l ike 100 
krad and above, adversjly affect the height of the plant or root 
length, number of branches and leaves, at a l l stages of growth, 
the decrease being d i rec t ly proportional to the exposure dose. I t 
has also been found that the growth re tarda t ion i s more pronounced 
m M- generation than in the subsequent ones. In the present study, 
growth of t reated progenies has been observed to be suppressed 
under a l l doses rangings from 25 to I5O krad level at a l l stages 
of growth. 
Opinion d i f fers about the stunted growth, r e su l t i ng (put of) 
i r r ad i a t i on treatment. Gray and Scholes (1951), Lee (1955), 
Miksche et a l . (1962), Iqbal (1969), Lapins and Hough (1970), 
Graham and Generoso (1971), Sekiguchi et a l . (1971) and Iqbal (1972) 
9 -u ••• 
are of the opinion that the radiat ion treatment leads to damage 
of the meristematic c e l l s . Thoday (1951)» Sparrow et a l . (1961), 
Conger and Stevenson (1969) bel ieve that the chromosomal damage, 
caused by i r r ad i a t i on , i nh ib i t s the c e l l d iv i s ion . Schoog (1953), 
Smith and Kersten (1942) and Gordon (1954) have found marked 
decrease in the auxin level following i r r ad i a t i on while Gunckel 
and Sparrow (1961) observed disturbance in ^ x i n synthesis . 
Bjornseth et a l . (1957) came across the damage to respira tory 
enzymes due to i r r a d i a t i o n . Quastler et a l . (1952) are of the 
opinion tha.t i r rad ia t ion effect on mitosis and physiological d i s -
orders are responsible for stunted growth of p lan t s af ter i r r a d i a -
t ion treatment. 
Growth stimulation due to i r rad ia t ion has also been recorded 
in/number of cases (Johnson, 1948; Sparrow and C h r i s t e n s ^ , 1953; 
Sax, 1955, 1963; Gunckel, 1965; Bevies, 1968, 1970; Menyhert, 1970; 
Sar ic , 1971; Sidark and Suess, 1973; Maltseva, 1978). Sparrow and 
Christensen (1953) and Gunckel and Sparrow (1954) have also come 
across stiEiulation of plant growth in Antirrhinum, when i t i s 
subjected t o moderate exposure of chronic gamma i r r a d i a t i o n . 
Sparrow and Gunckel (1956) have noticed an increase in plant height 
iJ^  Antirrhinum ma.lus at exposure r a t e s above 125 R per day. 
Ebrenberg et a l . (1954) have observed growth st imulat ion in Visia 
feba at daily exposure r a t e at 16 to 28 R of gamma rad ia t ion . 
Donini e t aJL» (1964) have found increased vegetat ive growth in 
Durum and bread wheat at the dai ly exposure r a t e of 72 and I48 R 
of gapna i r r a d i a t i o n . De,Nettancourt and Contant (1966) have seen 
a marked growth in plant height of Lycopersicum species under 
cer ta in rad.iation exposure, Bostrack and Sparrow (1970) have also 
observed a s ignif icant increase in t r ee height at exposure ra t e of 
1 to 2 R per day in Pinus s t robus . While studying the effect of 
chronic gamma i r r ad ia t ion Mikaelsen and Aastveit (1957), have 
observed considerable increase in plant height at exposures rang-
ing from 25 to 34 R per day in Oats and from 36 to 45 R per day in 
bar ley. The lower doses up to the extent of 75 krad have been 
found to st imulate the height of the plant in M- and M^  generations 
of gamma-rjay t rea ted progenies of l inseed crop by Abidi (1981). 
But in the present study no stimulatory effect of gamma i r rad ia t ion 
has been found in the o i l - r i c h Indian var ie ty Mukta of Linum 
usitatissimum except in the th i rd week growth stage under 25 kv^xL 
treatment. D'Amato (1957) in h i s s tudies on the effect of chronic 
gamma i r r ad ia t ion in flax hao aloo could not find any growth 
s t imulat ion. Bari (1971) found in acute i r r ad i a t i on s tudies on 
f lax that the plant height at maturity decreases with the increasing 
in tens i ty of doses. In the present study also the variety Mukta 
has been found to undergo reduction in height growth with the 
increasing level of gamma-ray t reatments . 
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The information on the effect of ionizing radia t ion on 
cotyledonary leaf expansion i s very meagre in l i t e r a t u r e . Rudolph 
said Miksche (1970) have reported various degrees of r a d i o -
s e n s i t i v i t y in cotyle»d3onary expansion for nine species of Pinus. 
During a recent inves t iga t ion , i t has been found that the coty-
ledonary leaf expansion does not get materially affected by gamma-
ray treatment in linum (Abidi, 1981). Chauhan (1969 & 1976) and 
Chopra (1972) have, however, reported an adverse effect of gamma 
radia t ion on cotyledons of Carthamus t i n c t o r i u s and Guizotia 
abyssinica respect ively . In the present study i t has been found 
that the s ize of cotyledon in the gamma-ray t rea ted p lants i s 
s igni f icant ly greater under 50, 75 and 100 krad level of doses, 
while under 125 and I5O krad l eve l , i t i s reduced to a s ignif icant 
leve l compared to cont ro l . 
I t has further been found during the present invest igat ion 
that the fresh w e i ^ t of cotyledons i s s ign i f ican t ly higher than 
JLn control p lants which were t reated with gamma ray doses having 
75 krad and above. Similarly, the dry weight of cotyledons also 
recorded high in higher level doses than the control , while the 
lower doses yield lower values both in terms of fresh as well as 
dry weight per cotyledon. In the recent s tudies on f lax , Abidi 
(1981) has found that the r a t i o of fresh and dry weight of co ty le -
dons to be higher in gamma ray t reated plants compared to the 
untreated ones. Abidi (1981) a t t r ibu ted t h i s high r a t i o to a 
temporary change induced by gamma ray treatment leading to water 
holding quali ty of the t rea ted p l an t s . In the present i n v e s t i -
gat ion, i t has been found that the water content of cotyledons 
in the t rea ted plants te-be considerably higher thanjfthe cont ro l . 
In the present inves t iga t ion , the shoot and root biomass has 
been found s ignif icant ly lower in the t rea ted progenies at a l l 
l eve l s of growth indicat ing the adverse effect of radia t ion on 
biomass production. These findings go in accordance with those 
of Abidi (1981) on another variety of l inseed crop. Nath (1974) 
has also observed a s ignif icant decrease in the dry weight of seed-
l ings of Sesamum indicum due to gamma ray treatment. The work of 
Uzorin and Demina (1965) also shows that the dry matter accummu-
la t ion to be affected in tomato under the influence of gamma-ray 
doses including the low level doses as has been found in the 
present inves t iga t ion . Saric et a l . (1961) havey however found 
that in the growing seedlings of wheat, the dry matter content 
increases in doses above 10,000 R due to decrease r a t e of r e sp i r a -
t i on . Hell and Si lve i ra (1976) observed the loss in fresh weight of 
Phaseolus vulgar is to be more than the dry w e i ^ t . In the present 
study also the fresh weight has been noted to be more rad iosens i -
t i v e than the drymass. Further the water holding capacity of 
p lants of M^  goaeration increases under the influence of higher 
V " ^ i-. 
gamma-ray doses than the cont ro l . However t h i s water holding 
capacity comes down below the normal under low leve l doses of 
gamma rays . 
glowering: The i n i t i a t i o n of flowering has been found delayed 
in the t rea ted progenies of M^  generation especial ly under high 
doses. In normal cases, the flowering i n i t i a t e s af ter 60 days 
of sowing seeds, as well as in lower doses l i k e 25 and 50 krad 
t reatments , while with high doses, i t i s delayed by a month. 
Further , there i s a considel'able reduction in the number of flowers 
in the t reated progenies con^ared to con t ro l . Delayed and reduced 
flowering has often been found as an effect of ionizing radia t ion 
by Johnson (1936b), Negative effects of gamma radia t ion on flower-
ing has also been reported in potato tubers by Fischnic et a l , 
C 
f (1961) in xirocus by Mitsukuri and Shinohara (1961) and in Linum 
usitatissiffium L. var , Kp by Wath (1981). Gunckel (1965) has also 
I observed!retarding effect of gamma rays on flowering, Bari (1971) 
has observed delayed flowering in Linum with increased r a t e of 
gamma ray exposure by a month. In h is recent s tudies on Linum 
usitatissimum L. var , Neelum, Abidi (1981) has observed that both 
flowering and number of flowers per plant t o be affected adversly 
by high in tens i ty doses of gamma rays , Chauhan (1978) has however, 
noted that the i r rad ia ted plants of Solanum khasianum to flower 
simultaneously with the cont ro l . Contrary to the above, there are 
also few repor ts expressing stimulatory effect of gamma i r r ad ia t ion 
on flowering. Stimulated flowering has been noted in case of 
l i c o t i a n a ru s t i c a by Sparrow and Singlton (1953) and Gunckel and 
JSparrow (1954), Impatiois s u l t a n i i by Gunckel (1957) and 
Tradescantia paludosa by Gunckel et al* (1953 a ) , i n t e r - spec i f i c 
hybrid of Nicotiana glauca X N. longsdorfi i (Sparrow and Gunckel, 
1956) and on flax (Bari , 1971), Johnson (1948) has a lso reported 
early flowering in a group of i r rad ia ted Kalanchoe p lan ts while 
c 
Haskins and Moore (1935) reported premature flowering in g i t rus 
igrown from X-rayed seeds. 
In the present study reduced flowering has been observed 
in a l l the three generations to a s ignif icant level in the majority 
of doses and, therefore, i t i s believed that i r r ad ia t ion treatment 
has brought about on the flowering t r a i t of the var ie ty studied, 
a permanent change in i t s genetic cons t i tu t ion . 
In the present study, i t i s further noticed that the number 
of capsules per p lant , number of seeds per capsule, number of seeds 
per plant snd the yield per plot to show decreasing trend with s[^  
increasing gamma ray doses to the extent of significance at f ive 
per cent l eve l . The s ignif icant reduction in yield in the M-
generation has been brought about both by reduced number of capsules 
per plant smd number of seeds per capsule, Nath (1981) has also 
observed a s ignif icant loss in the yield of l inseed crop var ie ty 
%, i^ n 
studied by him. The loss in yield in the present study has 
found to pe r s i s t in the subsequent generations of Mg and M .^ 
However Abidi (1981) in another o i l r ich Indian var ie ty of f lax, 
Neelum fai led to find continued loss in flowering and y ie ld in 
the M„ generation of gamma-ray i r rad ia ted progenies, while the 
3rd generation was not studied by him, Abidi (1981) has ra ther 
noted a s l igh t increase in yield under 25 krad treatment over that 
of con t ro l . In the present study also a s l i gh t improvement in 
yield has been noted in the Mp and M progenies, although the o v e r -
a l l loss in yield pers is ted to a s ignif icant level even in the M, 
generation compared to cont ro l . A s imilar improvemaat in yield and 
in the y ie ld-contr ibut ing characters have been reported by a number 
of e a r l i e r workers (Breslavets et a l» , i960; Borojevic, 1965 & 1966j 
I)e,Nettancourt and Contant, 1966; De,Nettancourt and Ecochard, 1968; 
Bari , 1971; Sparrow et a l . 1971; Flowler and Macqueen, 1972; Shamsi 
iand Sofajy, 1980; Nayar, 1982). Chauhan (1978) on the other hand^ 
has noted reduced yield in case of gamma i r r ad ia t ion Solanum 
lichasianum. Seetharam (1976) found the yield idf decline in l inseed 
as a r e su l t of gamma i r r a d i a t i o n . Subhash et a l . (1977) have 
observed 25^ decrease in y ie ld due to X-radiation in Capsicum annum. 
Nath (1981) has found gamma i r r ad ia t ion to affect adversely the 
seed se t t i ng and yield in Linum usitatissimum L, var . K . Labana 
et a l . (1976) and Nath and Singh (1981) have also reported loss in 
yield in the form of o i l content in Brassica and Sesamum 
respec t ive ly . However Culbertson and Kommedahl (1956), Barnes 
et a l . (I9 60), Bari (1971), Nath (1981) and Abidi (1981) have 
found the poss ib i l i ty of iii5)roving the yie ld of Linum t h r o u ^ 
gamma i r r ad ia t ion both by improving the qual i ty as well as the 
quantity of o i l content. 
In the present study the reproductive capacity of the 
var ie ty Mukta has been found affected adversely by gamma-ray i r r a -
dia t ion under a l l doses in adl the three generations studied, 
although a s l ight improvement in the reproductive capacity has been 
noticed in subsequent generations (Mp and M-). I t i s worth noting 
here tha t in M* generation, reproductive capacity of the p lants 
has been reduced to a mere 18.0 under 100 krad treatment and even 
lesse r under higher d©ses l i ke 125 and I5O krad, against an index 
of 578.98 of the cont ro l . 
Variation^; A number of morphological va r ia t ions have been met 
v/ithin M- generation. Induction of dichotomy, developmoit of 
advent i t ious branches a l l over the plant ax is , fasc ia t ion , conver-
sion of shoot apices in to leaf l ike or needle l i ke s t ruc tu res , 
curving anjl twis t ing of shoot ax i s , condensation of apex and fusion 
of two or three leaves in to one compound s t ruc tu re are some of the 
many abnormalities noted in the present study in the i r rad ia ted 
progenies have also been recorded by a number of e a r l i e r workers 
(Johnson 1935, 1948; Irvine 1940j Gunckel et a l , , 1953a; Gunckel 
jmd Sparrow, 1954; Sparrow and Gunckel, 1956; D'Amato, 1957; Gorter, 
1965; Gunckel, 1965; Rajendran, 1975; Abidi, 1981). F la t tening 
of the shoot axis as found in the present study has also been 
reported by Chauhan (1969) and Rai (1971). Johnson (1926, 1931) 
has described the reduction in leaf blade s i ze , twis t ing of leaf-
l e t s and fusion of leaf par t s as common in i r r ad ia ted tomato seed-
l ings as well as in Helianthus. 
Fasciation and condensation of f l o r a l axis have been 
frequently met within M^  generation of the i r rad ia ted p lants in 
the present case. Similar repor ts are made in case of sunflower 
by Johnson (1926), flax by D'Amato (1957) and Abidi (1981) and in 
Snapdragon (Gunckel and Sparrow 1954). Gunckel et a l . (1953b) 
have noted in I radescant ia paludosa that those received 20-24 R P^^ 
day for 8 weeks to p ro l i f e ra t e in to a globose head by the formation 
of leaf l i k e s t ructure and modified flowers. Reduction in the s ize 
of flowers and f lo ra l p a r t s , var ia t ion in number and colour of 
pe t a l s have also been observed in the present study as reported by 
e a r l i e r workers in a number of species (Moore and Haskins, 1935; 
Sagawa and Mehlquist, 1957; Abidi, 1981), 
Pollen f e r t i l i t y ; The i r r ad ia t ion treatments undertaken in the 
present study has been found to affect the male f e r t i l i t y of l i n -
seed crop seriously and damage the v i a b i l i t y of pollen grains to 
21i) 
a considerable extent. The fertility of pollen has fallen to 
2 per cent under heavy doses of irradiation. Similar such heavy 
loss in pollen fertility has been noted in the past by a number of 
workers in linseed as well as in other crops, (Mikaelsen and 
Aastveit, 1957; Singh and Gunckel, 1965; Siddiqui et al., 1976; 
Abidi et al., 1978a; Ghouse and Kazmi, 1979 and Ghouse et al», 
(1981). In the present study it is further noted that the damage 
caused by irradiation treatments does not last long and recovery 
from the damage in pollen fertility is quick in the subsequent 
generations. A similar observation of quick recovery from the 
damage caused by irradiation treatments in male fertility has also 
been made by earlier workers (Bari, 1971; Chopra, 1972; Nath, 1974; 
Abidi et al., 1978; Gangwar, 1980; Ghouse et al., 1982). The 
quick recovery in M and M generations from the serious damage 
inflicted by irradiation may in all probability be due to the 
altered physiology of the pollen mother cells rather than the gene-
tic change, 
.Anatomical variations; A number of anatomical variations have 
been noted in the present study in plants raised out of irradiated 
seeds with different doses of gamma rays. Some of the changes were 
quite apparent but qualitative, while others happen to be quanti-
tative. In general, the ground tissue has been found to prolife-
rate in the irradiated plants while the secondary xylem development 
i s hampered to a considerably extent , As a r e su l t of t h i s unequal 
development of t i s sue system in the shoot axis the proportion of 
cortex and xylem cylinder and pith has been found to vary to 
di f ferent degrees under different doses, depending on the in tens i ty 
of gamma ra,ys. In general, the c o r t i c a l area showed an increase 
when the xylem cylinder decreased in dmameter. A similar s i tua t ion 
in the shoot anatomy has been reported by D'Amato (1957). On one 
of the cu l t iva r s of the Linum, Abidi et al» (1978b) has also come 
sicross a similar s i tua t ion in re la t ion to gamma i r r ad ia t ion and 
reported pro l i fe ra t ion of pith and co r t i ca l c e l l s . In the other 
recent repor ts Ghouse et al« 1979, 1980 and 1981) have noted a 
number of anatomical aberrat ions caused by gamma i r r ad ia t ion in the 
shoot axis of Linum and hampering of cambial a c t i v i t y . In the 
present study i t has been further recorded that the xylem rays under-
go widening as well as mul t ip l icat ions due to gamma i r r a d i a t i o n , 
as has been reported by Ghouse et a l . (1980, 1981) in addition to 
thickening of c e l l wal ls . 
The i r rad ia ted plants has been found to have developed a 
high water holding capacity by developing gelat inous wall in 
secondary xylem. This quali ty has given the p lan t s to hold 85.67 
per cent more water in the 125 krad treatment than the cont ro l . 
This ind ica tes the probabi l i ty of improving the stock of l inseed 
crop, through radiat ion treatments against drought condi t ions. All 
the above aberrat ions noted in the M- generation have been found 
hi X (.J 
to undergo modifications towards normalisation of the stem 
anatomy in the subsequent generations, but the ray s t ruc ture as 
well as i t s system appeared to be disturbed both from that of nor -
mal as well as from the M^  generation. In the M and M_ genera-
t i o n s , the heterogenous ray of the normgil and the M,. generation 
change in to a homoger^ous system in having e i the r only procumbent 
c e l l s or only upright c e l l s . In most of the cases in M and M„ 
generations the ray ce l l s undergo v e r t i c a l elongation and probably 
develop v e r t i c a l polar i ty too instead of l a t e r a l . This aspect 
needs further exploration to give any sa t i s fac tory explanation. 
In the abnormal xylem developing in the 1st generation 
af te r i r r ad ia t ion number of wider pores become progressively narrow 
with the increasing dose l e v e l . In other words the vessel members 
grow slim and the i r density increases per unit a rea . The measure-
ments made in the macerated mass of xylem i t has heen found that 
' the tr^cheaxy elements (vessels and f ibres) undergo considerable 
reduction in dimension. Such damaging effect of i r r ad ia t ion t r e a t -
ment has also been noted in the anatomical s tudies carr ied out by 
e a r l i e r workers l ike Foard and Haber (1961), Ghouse et a l . (1978); 
I b i d i et a l . (1979) and Abidi (1981). 
SUMMARY 
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SUMI4ARY 
The following are the r e s u l t s in summarized form. 
1. The i r rad ia ted treatments do not affect the germination 
process of l inseed mater ia l ly , except delaying the r a t e at high 
in tens i ty dose such as 100 krad and above. Contrary t o the past 
f indings in cer ta in other crop plant/, no stimulatory effect has 
been observed in the present case, even the delay caused by gamma 
rays i s not observed in the subsequent generat ions, 
2. The survival of seedlings has, however, been found to be 
adversely affected by gamma-irradiation in a d i rec t proportion 
to the level of in tens i ty involved in the treatment. However, in 
the subsequent generations the corresponding progenies do recover 
to the i r fu l l extent . 
3 . The cotyledonary expansion as well as the dry matter 
content of cotyledons undergo marked a l t e r a t i on due to gamma-
i r r ad ia t ion in M. generation. The cotyledonary expansion has 
been found to experience stimulatory effect under gamma-
i r rad ia t ion of 75 krad. The water holding capacity of coty-
ledons of the t reated progenies pa r t i cu la r ly of high in tens i ty 
doses has been observed to go higher than the con t ro l . All 
these a l t e r a t i ons however, recover in the subsequent generat ions. 
fig ^ ;; 
4 , The signif icant re tardat ion noted in the root growth of 
seedlings due to gamma-ray treatments has been found considerable 
under high doses at the 16th week. In no case a stimulatory 
effect i s noted in the present study in M^  generation. However, 
the i l l effects of radia t ion treatments have been found to 
recover in the subsequent generat ions. 
5, High incidence of reduction in shoot height and the r a t e 
of growth as affected by gamma-irradiation has been found to 
follow a l inear order with the dose. No stimulation at any stage 
of shoot growth i s observed. The suppressive effect of gamma-
ray treatment has been found to be s ignif icant even in Mp genera-
t ion t o a large extent and in M, t o some extent . In the l a t t e r , 
the suppressive effect continuted to be s ignif icant under h i ^ 
in tens i ty doses at a l l stages of growth. No stimulatory effect 
e i the r in M- generation or in the subsequent one i s recorded in 
height growth of the shoot ax is . 
6, The radiat ion treatments have also been found t o 
negatively affect the branching in the invest igated var ie ty under 
a l l treatments and at a l l stages of growth as compared t o control . 
The adverse effect of i r r ad ia t ion i s seen in the subsequent 
generations too and, therefore , appears to be a permanent effect 
especially under higher doses, 
7 , The growth ra te of l a t e r a l branches gets affected due to 
i r r ad ia t ion at a l l l eve l s of growth under a l l treatments except 
/ - "a 
at the lowest, to a s i ^ i f i c a n t l e v e l . The suppressive effect 
of i r r ad ia t ion continues only upto M^  generation. In M-
generation the height growth of l a t e r a l shoot becomes normal. 
No stimulatory effect at any level in any generation i s noted. 
8 . The gamma-irradiation treatments s ign i f ican t ly affects the 
leaf production in the t reated progenies at a l l l eve l s of growth. 
The suppressive effect of i r r ad ia t ion i s s igni f icant in a l l the 
three generations especially in the main shoot. However, i t has 
not been found to be s ignif icant in the l a t e r a l shoots p a r t i -
cular ly in the subsequent generat ions. 
9 . The area per leaf as well as t o t a l green area per plant 
gets reduced highly due to gamma-irradiation. The reduction in 
green area happens t o be s ignif icant at a l l stages of growth 
under a l l treatments in a l l the three generat ions. Therefore, 
t h i s t r a i t of the plant appears to have been damaged permanently 
by radia t ion t reatments . 
10. The reduction due to i r r ad i a t i on in the under-ground 
biomass and the dry matter d i s t r ibu t ion of roots have been recor -
ded at a l l l eve l s of growth. This suppressive effect of i r r a d i a -
t ion continues in the subsequent generations under a l l treatments 
except in a few cases , pa r t i cu la r ly of low doses at the early 
stages of growth. 
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11, The above ground biomass also showed s ignif icant 
reduction in M^  generation under a l l treatments at a l l stages 
of growth and no recovery appears to have b ^ ^ occurred in the 
subsequent generations of M^  and M in t h i s r espec t , 
12, The dry matter content as well as i t s d i s t r ibu t ion per 
centimeter length of the plant body i s found to be affected 
highly in the t reated p l an t s . The dry matter d i s t r ibu t ion showed 
a re t rogress ive trend with increasing doses. But the water 
content hsis been found to increase over the control under high 
in tens i ty treatment from 100 krad on ward. The increase in water 
holding capacity induced by i r rad ia t ion treatment does not appear 
to continue in toto in the subsequent generat ions, although the 
dry matter content continues to be vis ib ly l e s s both in root and 
shoot. 
13, The gamma-ray treatments affect the reproductive phase 
of the var ie ty investigated* The number of flowers and the 
number of f r u i t s get s igni f icant ly reduced per plant due to the 
increasing i n t e n s i t i e s of radiat ion treatments . Further, the 
number of seeds per f ru i t and the seed weight also get affected 
to a s ig i i f i can t level due to i r r a d i a t i o n , As a consequence, 
the seed yield per plot i s reduced to a s igni f icant level under 
a l l treatments in a d i rec t proportion to the dose, And the 
adverse effect of i r rad ia t ion on the reproductive un i t s as well 
as the yield continued in Mg and M, generations to a lesser extent 
^ 1 i 
though not at the same level. The reduction in yield is found 
to be significant in all the three generations, although the 
subsequent generations show recovery to a great extent especially 
under high doses. 
14, The reproductive capacity of the variety investigated 
get damaged seriously under all the doses in M^ generation. In 
M- and M- generations, the reproductive capacity of the treated 
progenies recovers to a considerable extent but remained consi-
derably low in comparison to control, 
15, The radition treatments caused/number of variations, both 
morphological and anatomical in the progeny, 
16, The habit of the plant has been observed to undergo a 
very significant change from erect to semiprostrate as a result 
of radiation treatment, 
17, The shoot apices of treated plants undergo condensation, 
conversion into leaf-like bodies, twisting and bending. The 
shoot apices have also been seen to bifurcate often, 
18, The treated plants undergo abnormal branching 
adventitiously, 
19, The foliage leaves undergo fusion and bifurcation due to 
irradiation. Purther, the variegation in the leaves, too, is the 
consequence of the same treatment. 
/ - " 
20. The phenomenon of fasciat ion has also been observed 
under high doses such as 100 krad, 125 krad and 150 krad t r e a t -
ments. 
21 . The radia t ion treatments have also produced a number of 
qua l i t a t i ve and quant i ta t ive abnormalities in the f lo ra l pa r t s , 
v i z . , conQ)lete or p a r t i a l fusion of sepals and pe ta l s in pro-
genies raised after heavy doses of gamma rays . 
22. Fasciated branches have been found to flower. In such 
branches, the flowers a r i se so close to each other that they 
appear as condensed head-like s t ruc tures having p a r t i a l l y fused 
flowers. 
23. The gamma-ray treatment i s also found to cause heavy 
damage to pollen f e r t i l i t y , which goes down as low as to the 
tune of 2% under high doses. 
24. All the abnormalities l i s t e d above are found to recover 
in the subsequent generations. No abnormality appears to be 
permanent. 
25. A number of anatomical var ia t ions also develop in the 
shoot axis due to radia t ion treatment, 
i ) The ground t i s sue , cons t i tu t ing the pi th and cortex 
undergoes pro l i fe ra t ion along with an increase in 
the number of perivascular f ibres in the f i r s t genera-
tion af ter gamma-ray treatment in a d i rec t proportion 
to the i r r ad ia t ion l e v e l . 
i i ) The xylem cylinder i s noticed to undergo thinning 
in the treated p l an t s . 
i i i ) The pro l i fe ra t ion of ground t i s s u e , the reduction 
in xylem development and the d i sor ien ta t ion due to 
knot formation noticed in M- generation, do not 
reappear in the subsequent generat ions, 
iv ) In the affected xylem of M. generation, while the 
frequency of vessel elements under goes reduction, 
the wood rays increase in number per unit area and 
the ray components multiply to make the ray bodies 
wider than in cont ro l . 
v) The rad ia l system in the wood of t reated p lan t s has 
been found to increase in M^  generation, whereas in 
the subsequent generations i t i s so much reduced as 
to become lesse r in quantity compared to the cont ro l . 
v i ) In the heterogenous ray system of Linum, the gamma 
radiat ion has induced homogeneity in having only 
upright or procumbent c e l l s . 
v i i ) The trecheary elements develop)^ thick walls in general . 
They also develop gelatinous wall]/which almost cover 
the lumen of the c e l l s . 
v i i i ) The ray c e l l s have also been found to develop 
thick l igni f ied walls af ter gamma-ray treatment. 
\-
ix) Both the vessels and f ibres exhibit dimensional 
var ia t ions due to gamma-irradiation. 
26* The dimensional, s t ruc tu ra l and quant i ta t ive 
anomalies noted in M^  generation have been observed to undergo 
p a r t i a l recovery in the subsequent M^  and M, generat ions. 
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PLATE - I 
A - fi Photographs of linseed seedlings 
after gamma ray treatment in 
A: Extreme left is control, in 
the right representative of M- , 
M„ and M, generations of 25 krad 
treatment are displayed, B: 
Displays the same under 50 krad, 
C: of 75 krad treatment, D: 
100 krad, E: 125 krad and F: 
150 krad treatment. G and H 
displays the above treatment, G: 
displays all the treatment of M^  
generation with the control 
(extreme left) and H does the 
same after fruiting stage with 
the control on the extreme right 
and the treatments arranged in 
the order of right to left from 
25 krad to I50 krad treatments. 
* Seedlings of the three generations 
shown in the photographs belong to 
the same year i.e. the third year 
of the experiment. 
PLATE I 
PLATE - II 
I 
Figures A - G display the treated 
plants of M^  generation under field 
condition. 
A - control, B - 25 krad, C - 50 krad 
D - 75 krad, E - 100 krad, F - 125 krad 
G - 150 krad. 
Note in higher doses the lodging habit 
of the progenies (arrows). 
PLATE X 
PLATE - I I I 
Figures (A-H) display the morphological 
var ia t ions obtained in the M^  generation 
of the different treatments. 
A: Individual of 100 krad treatment show-
ing f la t t en ing of main axis (arrow) 
while the branches being normal, 
B: A fasciated plant of I5O krad treatment 
(arrow). 
CJ in abnormal individual of 75 krad t r e a t -
ment shows the curving of main axis 
(arrow) while the branch showing normal 
hab i t . 
D & E: A fasciated shoot axis under 125 
krad treatment showing bifurcation of 
the apex (arrows), 
F: An abnormal individual of 100 krad t r e a t -
ment showing in t e rco i l i ng of stem (arrow), 
fusion of leaves , 
G: Foliar var ia t ion showing various modifica-
t ions such as bifurcation of the apex and 
p a r t i a l or complete fusion of di f ferent 
fo l ia r members, 
H: A main shoot of I5O krad treatment showing 
condensation of the axis with crowded 
leaves giving closet l i ne appearance. 
0 
PLATE HI 
PLATE - IV 
I 
Figures A-F show the variation in M^  
generation at early stage of the 
different treated progenies. 
A: Shows the abnormality at the apex 
of the main shoot (100 krad), 
B: Shows development of lateral 
branches in the axil of leaves 
(100 krad), a feature does not occur 
normally as the branches normally 
arise from the cotyledonary node. 
C: Seedlings of 125 krad treatment show-
ing abnormal early leaves. 
B: Displays bifurcation of the main 
shoot axis at an early stage (100 krad), 
E & F: Show abnormal cotyledons and 
leaves (I50 krad). 
(g) VAv \OOV<-^ 
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PLATE IV 
PLATE - V 
A-Bi Photomicrographs of shoot axis of 
Linum usitatissimum var, Mukta in 
transectional view at X118. 
Ai Control, arrows indicate perivas-
cular fibre of economic importance, 
B & D: Show enriched perivascular fibres 
under 75 krad treatment in showing 
the M. (B) and M (D) generations, 
Cs M. generation under 25 krad treatment. 
PLATE y 
PLATE - VI 
A-Fi Photomicrographs passing through 
hypocotyl region of M^  generation 
showing disor ientated vascular 
elements in t ransect ional ( B ) and 
tangential views. 
A - 100 krad, B - 125 krad, 
C - 125 krad, D - 125 krad, 
E - 125 krad, F - 150 krad 
A - D at X118, JS & F at X59 
PLATE I 
PLATE - VII 
Photomicrographs of the basal region 
of the hypocotyle showing knots in 
t ransect ional view, 
A: 100 krad treatment showing in vat ion 
of co r t i ca l elements into the s t e l e 
to break the l a t t e r into two and 
the inequal ac t iv i ty of vascular 
cambium to produce lobes of wood at 
X10.5 
B: 150 krad treatment displaying 
eccentric development of wood and 
the prol i fera t ion of pith c e l l s at 
XI 0.5 
C & D: 125 krad treatment showing b i -
furcational stages of s t e l a r region, 
an abnormal fea ture . Note the lobing 
of wood and the widening of pith at 
X10,5 
® (D 
PLATE W 
PLATE - VIII 
A - D: Photomicrographs of shoot axis 
(M- generation) in transectional 
view showing the abnormal xylem 
( B - D ) in comparison to control 
(A). Note the gelatinous wall 
formation in B & C, thick wall 
nature of vessel and ray cells 
in D and grouping of vessels in 
B. 
A - Control, B - 75 krad, C - 100 krad, 
D - 125 krad 
All at X433 
PLATE YSL 
PLATE - IX 
f 
Photomicrographs of shoot axis of M^  
generation in tangent ial view d i s -
playing the abnormal xylem ( B - D ) in 
comparison to control ( A ) . Note in 
B and D widening of wood rays due to 
prol i fera t ion of ray c e l l s in 50 krad 
and 100 krad treatment respect ive ly . 
C - 75 krad treatment showing shorten-
ing and widening of vessel elements 
and narrow rays . All at X109 
PLATE K 
PLATE - X 
Photomicrographs of shoot axis 
( tangent ia l view) displaying wood and 
wood rays in control ( A ) , in M. 
generation of 100 krad treatment ( B ) , 
in Mp generation of 100 krad treatment 
(C) and in M, generation of 100 krad 5 
treatment. Note in C the ve r t i c a l l y 
polarized fusiform ray c e l l s (XR) and 
in D the reappearance of normal ray 
c e l l s in R, generation. 
All at X462 
XR - Xylem rays 
V - Vessel 
PLATE X 
PLATE - XI 
Photomicrographs of shoot axis 
( tangent ia l view) of M^  (A & B) and 
M (C & B ) generations. 
In A arrows indicate elongated ray c e l l s 
in 100 krad treatment. 
B - 150 krad treatment with narrow 
vessels and uni to mul t i ser ia te rays , 
the l a t e r with he te roce l lu la r composi-
t ion . 
C - 100 krad treatment with narrow vessels 
and short un iser ia te rays, 
D - 150 krad treatment v/ith v e r t i c a l l y 
oriented ray c e l l s (arrows) and with 
mostly narrow vesse l s . 
All at XI04 
PLATE XI 
PLATE - XII 
Photomicrographs in rad ia l longi tudinal 
view of the shoot axis displaying the 
nature of ray in control (A), in M^  
( B ) , in Mp (G) and in M (D) generations 
under 100 krad treatmant. Note the 
heterogenous ray in A & B and homogenous 
« 
( a l l upright) in C & D. 
I l l at XI61 
PLATE XK 
